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FOREWORD 


The  efforts  reported  herein  were  sponsored  by  the  Air  Force 
Flight  Dynamics  Laboratory  (AFFDL)  under  the  joint  management 
and  technical  direction  of  AFFDL  and  the  Air  Force  Materials 
Laboratory,  WPAFB,  Ohio,  45433.  The  work  was  performed  under 
Contract  F33615-72-C-2149 ,  Flight  Dynamics  Laboratory  Project 
Number  486U,  "Advanced  Metallic  Structures:  Air  Superiority 
Fighter  Wing  Design  for  Improved  Cost,  Weight  and  Integrity." 

Mr.  Lawrence  R.  Phillips  of  AFFDL  is  the  Air  Force  Project 
Engineer . 

These  studies  were  performed  by  the  Structural  Design  Group, 
Convair  Aerospace  Division  of  General  Dynamics,  Fort  Worth  Oper¬ 
ation  with  D.  F.  Davis  as  the  Program  Manager.  Other  principal 
participants  in  the  program  are  as  follows:  R.  W.  McAnally, 
Structural  Design;  E.  W.  Gomez,  Stress  Analysis;  J.  W.  Morrow, 
Fatigue  and  Fracture  Analysis;  J.  M.  Shults,  Materials  Engineer¬ 
ing;  T.  E.  Henderson,  Mass  Properties;  J.  D.  Jackson,  Value 
Engineering;  J.  L.  McDaniel,  Manufacturing  Engineering;  B.  G.  W. 
Yee,  Nondestructive  Inspection;  D.  Duncan,  Quality  Assurance; 

H.  E.  Bratton,  Information  Transfer;  and  R.  L.  Jones,  Engineer¬ 
ing  Test  Laboratory. 

The  work  was  performed  from  June  1972  to  June  1973  and  was 
released  for  publication  June  1973. 

This  report  has  been  reviewed  and  is  approved. 


JOHN  C.  FRISHETT,  Major,  USAF 
Program  Manager,  AMS  Program  Office 
Structures  Division 

Air  Force  Flight  Dynamics  Laboratory 
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ABSTRACT 


This  report  describes  the  preliminary  design  and 
analysis  for  an  Advanced  Air  Superiority  Fighter  Stores 
leaded,  Wet  Wing  Structure.  The  wing  box  of  the  F-lllF 
airplane  designed  by  the  Convair  Aerospace  Division  of 
General  Dynamics  was  used  as  the  baseline  vehicle. 

A  unique  design  methodology  was  followed  to  arrive 
at  three  configurations  which  offer  an  optimum  balance 
between  structural  efficiency  and  technological  advancement. 
This  methodology  consists  of  compiling  element  concepts; 
integrating  them  into  cross-section  drawings;  optimizing 
them  in  analytical  assemblies;  and  finally  preparing  full 
wing  box  designs.  Each  step  was  followed  with  a  detailed 
evaluation  and  ranking  step  which  utilized  a  formal  merit 
rating  system.  This  system  permitted  the  evaluation  of 
numerous  concepts  and  insured  that  each  technical  discipline 
participated  in  the  design  selection. 

A  subsequent  program  is  proposed  to  evaluate  the 
capability  of  the  selected  design  to  meet  the  overall 
program  goals  of  advancing  technology  without  significantly 
affecting  costs.  The  subsequent  program  involves  additional 
preliminary  design,  a  development  test  program,  detail  design, 
manufacture,  and  tests;  including  static,  fatigue,  and  damage 
tolerance  testing.  Information  generated  during  this  effort 
will  be  disseminated  to  the  Air  Force  and  industry  in  general 
through  an  intensive  information  transfer  effort. 
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APPENDIX  I 

ELEMENT  CONCEPT  SKETCHES 


1.1  SUMMARY 

During  the  initial  step  of  the  Concept  Formulation  Phase, 
one-hundred  nineteen  (119)  Element  Concepts  were  documented. 

An  additional  twenty-seven  (27)  concepts  were  generated  during 
the  cross-section  drawing  phase  of  the  program.  Their  weight 
saving  potential  was  established  as  part  of  this  effort. 

Evaluation  and  utilization  of  these  concepts  were  based 
on  qualitative  and  quantitative  data  discussed  in  this  report. 
Manufacturing  and  NDI  evaluations  were  basically  qualitative, 
generally  relying  on  comparison  to  known  industry  standards. 

The  wing  skin  panel  concepts  were  analyzed  using  a  computer 
program  created  especially  for  this  effort.  It  is  a  screening 
procedure  incorporating  an  iterative  weight  minimization  scheme 
which  utilizes  Ramberg-Osgood  simulations  of  material  stress  - 
strain  curves.  This  program  permitted  a  quantitative  evalua¬ 
tion  of  the  potential  weight  savings  for  over  one-hundred  (100) 
skin  concepts. 

1.2  CONCEPT  EVALUATION  AND  UTILIZATION 

An  effort  was  made  during  the  first  few  weeks  of  this 
program  to  collect  previously  used  structural  concepts,  new 
and  innovative  structure  concepts,  and  concepts  from  other 
Advanced  Development  Programs.  As  the  collection  grew,  efforts 
to  evaluate  the  concepts  were  initiated.  During  the  latter 
portions  of  this  phase,  the  most  promising  concepts  were  used 
in  Cross-Section  Drawings  -  the  results  of  this  activity  are 
discussed  below. 

1.2.1  Concept  Evaluation 

Evaluation  of  concepts  was  based  on  their  potential  to 
save  weight,  their  producibility ,  and  their  inspectability . 

Each  of  these  is  discussed  below. 

1*2. 1.1  Identification  of  Weight  Saving  Potential 

Well  over  100  candidate  surface  panel  concepts  have  been 
proposed  for  further  development  and  evaluation  as  complete 
wing  cross-sections  and,  subsequently,  as  analytical  assemblies. 
Each  concept  has  been  assigned  a  number  for  identification 
and  submitted  as  a  preliminary  drawing.  Panel  concept  weights 
are  affected  by  the  following  variables : 
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o  Material  properties 

o  Load  level  (high  loads  @  C.S.S.  140,  low 
loads  @  C.S.S.  340) 

o  Load  type  (upper  surface  panel  weights 
reflect  compression  load  requirements; 
lower  surface  panel  weights  reflect  tension 
load  requirements) . 

o  Panel  size  (wide  column  lengths  and  plate 
widths) . 

o  Panel  cross-section  (such  as  honeycomb 
sandwich,  truss  core  of  blade  stiffened 
skin) . 

o  Damage  tolerance  category  (fail-safe,  safe 
crack  growth  and  holes  vs.  hole- free). 

The  calculated  weight  for  the  panel  concepts  are  shown 
in  Tables  I  through  IV  and  are  intended  for  use  as  screening 
aids  to  compare  the  weight  saving  potential  of  the  competing 
concepts.  It  should  be  noted  that  some  610R-XXX  drawings 
are  listed.  These  are  cross-section  drawings  which  were 
analyzed  using  the  computer  program  but  which  were  not 
assigned  an  Element  Concept  Number  (610-XXX) .  Copies  of 
these  drawings  are  included  in  Appendix  II  (Summary  of  Cross- 
Section  Drawings) . 

The  screening  weights  first-iteration  sizings  based  on 
optimum  panel  cross-sections  and,  in  most  cases,  do  not  in¬ 
clude  allowances  for  differences  in  the  weights  of  fasteners, 
braze  alloy  and  secondary  support  requirements.  Thus,  the 
indicated  weights  are  considered  as  minimum  weight  potentials 
for  the  various  panel  concepts.  Those  concepts  which  are 
selected  for  further  development  as  analytical  assembly 
components  will  be  sized  and  weighed  in  greater  detail  so  as 
to  reflect  the  many  secondary  considerations  associated  with 
realistic  structural  weights. 

Definitions  of  terms  used  in  the  screening  weight  tables 
are  as  follows : 


W 


tT0T 


=  Total  weight  of  skin  panel  and  spar  cap 
load  carrying  material  in  lbs.  per  inch 
of  span. 
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WSTATIC 

■  Weight  based  on  ultimate  static  load 
consideration  on  lower  surface. 

K 

■  Allowable  stress  reduction  factor  imposed 
by  fatigue  and/or  damage  tolerance  require 
ments . 

FS: 

■  Denotes  fail-safe  structure  without  holes 

SCG: 

■  Denotes  slow  crack  growth  (non- fail- safe) 
structure  without  holes 

FSH: 

-  Denotes  fail-safe  structure  with  holes 

SCGH: 

-  Denotes  slow  crack  growth  structure 
with  holes 

Definitions  of  terms  used  in  the  screening  weight 
tables  are  as  follows : 


WtTOT 

Total  weight  of  skin  panel  and  spar 
cap  load  carrying  material  in  lbs  per 
inch  of  span. 

a 

WSTATIC 

Weight  based  on  ultimate  static  load 
consideration  on  lower  surface. 

K 

Allowable  stress  reduction  factor  imposed 
by  fatigue  and/or  damage  tolerance 
requirements . 

FS: 

Denotes  fail-safe  structure  without  holes 

SCG: 

Denotes  slow  crack  growth  (non- fail-safe) 
structure  without  holes 

FSH : 

Denotes  fail-safe  structure  with  holes 

SCGH :  = 

Denotes  slow  crack  growth  structure 
with  holes 
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Table  I 


WING  SURFACE  PANEL  CONCEPT  WEIGHT  ESTIMATES 

(WING  CSS  140  -  UPPER  SURFACE~ 


Concept 

No. 

Concept  Description 

Material 

Wt 

TOT 

610-012 

Modified  Triangular 

AL  7050-T76 

3.00 

610-012 

Modified  Triangular  Truss  Core 

Ti  6AL-4V  (Ann.) 

2.36 

610-021 

Multiple  Rectangular  Tubes 

Ti  6AL-4V  (Ann.) 

2.35 

610-021 

Multiple  Rectangular  Tubes 

Ti  8-8-2-3 

2.28 

610-021 

Multiple  Rectangular  Tubes 

Ti  6AL-4V  STA 

2.16 

610-032 

Y-Tee  Stiffened  Skin 

Ti  8-8-2-3 

2.04 

610-034 

Triangular  Truss  Core 

AL  7050-T76 

2.86 

610-034 

Triangular  Truss  Core 

Ti  6AL-4V  STA 

1.93 

610-034 

Triangular  Truss  Core 

Ti  8-8-2-3 

2.08 

610-034 

Triangular  Truss  Core 

Ti  6AL-4V  (Ann.) 

2.23 

610-101 

Integral  Tee  Stiffened 

Ti  6AL-4V  STA 

2.02 

610-101 

Integral  Tee  Stiffened 

Ti  8-8-2-3 

2.10 

610-101 

Integral  Tee  Stiffened 

Ti  6AL-4V  (Ann.) 

2.32 

610-105 

Integral  Blade  Stiffened 

Ti  6AL-4V  STA 

2.18 

610-105 

Integral  Blade  Stiffened 

Ti  8-8-2-3 

2.25 

610-105 

Integral  Blade  Stiffened 

Ti  6AL-4V  (Ann.) 

2.33 

610-105 

Integral  Blade  Stiffened 

AL  7050-T7651 

2.87 

610-118 

Integral  Formed  Bulb  Tee 

Ti  6AL-4V  (Ann.) 

2.30 

610-118 

Integral  Formed  Bulb  Tee 

AL  7050-T76 

2.85 

610-118 

Integral  Formed  Bulb  Tee 

Ti  6AL-4V  STA 

2.02 
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Table  I  (Cont'd) 


WING  SURFACE  PANEL  CONCEPT  WEIGHT  ESTIMATES 

(WING  CSS  140  -  UPPER  SURFACE) 

(Con' t) 


Concept 

No. 

Concept  Description 

Material 

Wt 

TOT 

610- 124 

Hat  Stiffened  Skin 

Ti  6AL-4V  STA 

2.02 

610-124 

Hat  Stiffened  Skin 

Ti  6AL-4V  (Anri.) 

2.30 

610-124 

Hat  Stiffened  Skin 

AL  7050-T76 

2.91 

610-128 

Honeycomb  Sandwich  Panels 

AL  7050-T76 

2.81 

610-128 

Honeycomb  Sandwich  Panels 

Ti  6AL-4V  STA 

2.03 

* 

610-200 

Laminated  Plate  (B  ■  9.5) 

Ti  8-8-2-3 

4.16 

Sculptured  Plate  Fixed  Edge 

AL  7050-T7651 

3.06 

* 

610R-000 

Baseline-Sculptured  Plate 

AL  2024-T851 

3.25 

* 

610R-007 

Full^Depth  Core:  Large  Cell 

Ti  8-8-2-3 

2.38 

* 

610R-010 

Honeycomb  Panels 

Ti  8-8-2-3 

1.98 

* 

610R-011 

Honeycomb  Panels 

Ti  6AL-4V  STA 

1.91 

★ 

610R-013 

Hat  Stiffened  Skin 

AL  7050-T76 

2.81 

* 

610R-014 

Laminated  Skin;  Full  Depth  Core 

Ti  6AL-4V  STA 

2.01 

* 

610R-014A 

Space  Truss-Welded  Tube 

Ti  6AL-4V  STA 

1.85 

★ 

610R-028 

Honeycomb  Sandwich  Panels 

AL  7050-T76 

2.81 

* 

610R-029 

Sculptured  Skin;  Fixed  Edges 

AL  7050-T76 

3.09 

♦Element  concepts  documented  on  Cross-Section  Drawings  only  - 
Refer  to  Appendix  II;  Phase  Report,  Cross  Section  Drawings. 
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Table  II 


WING  SURFACE  PANEL  CONCEPT  WEIGHT  ESTIMATES 

(CSS  140  -  LOWER  SURFACE) 


Concept 

No 

Concept  Description 

Materials 

Damage 

Mode 

W 

Static 

Kr 

Wt 

TOT 

610-012 

Modified  Triangular  Core 

AL  7050-T76 

FS 

2.54 

1.00 

2.54 

610-012 

Modified  Triangular  Core 

AL  7050-T76 

SCG 

2.54 

1.24 

3.15 

610-021 

Multiple  Rectangular  Tube 

Ti  6AL-4V  (Ann.) 

FS 

2.05 

1.00 

2.05 

610-021 

Multiple  Rectangular  Tube 

Ti  6AL-4V  (Ann.) 

FSH 

2.05 

1.17 

2.40 

610-021 

Multiple  Rectangular  Tube 

Ti  6AL-4V  (Anri.) 

SCG 

2.05 

1.21 

2.48 

610-021 

Multiple  Rectangular  Tube 

Ti  6AL-4V  (Ann.) 

SCGH 

2.05 

1.21 

2.48 

610-021 

Multiple  Rectangular  Tube 

Ti  8-8-2-3 

FS 

1.73 

1.00 

1.73 

610-021 

Multiple  Rectangular  Tube 

Ti  8-8-2-3 

FSH 

1.73 

1.64 

2.84 

610-021 

Multiple  Rectangular  Tube 

Ti  8-8-2-3 

FSG 

1.73 

1.64 

2.84 

610-021 

Multiple  Rectangular  Tube 

Ti  B-8-2-3 

SCGH 

1.73 

1.72 

2.97 

610-032 

Y-Tee  Stiffened  Skin 

Ti  8-8-2-3 

FS 

1.73 

1.00 

1.72 

610-032 

Y-Tee  Stiffened  Skin 

Ti  8-8-2-3 

SCG 

1.73 

1.64 

2.84 

610-034 

Triangular  Truss  Core 

Ti  6AL-4V  (Ann.) 

FS 

2.06 

1.00 

2.06 

610-034 

Triangular  Truss  Core 

Ti  6AL-4V  (Ann.) 

SCG 

2.06 

1.26 

2.fcJ 

610-034 

Triangular  Truss  Core 

Ti  8-8-2-3 

FS 

1.73 

1.00 

1.7jj 

610-034 

Triangular  Truss  Core 

Ti  8-8-2-3 

SCG 

1.73 

1.64 

2.84 

610-034 

Triangular  Truss  Core 

AL  7050-T76 

FS 

2.54 

1.00 

2.54j 

610-034 

Triangular  Truss  Core 

AL  7050-T76 

SCG 

2.54 

1.24 

3.15 

610-101 

Integral  Tee  Stiffened 

Ti  6AL-4V  (Ann.) 

FS 

2.05 

1.00 

2.05 

610-101 

Integral  Tee  Stiffened 

Ti  6AL-4V  (Ann.) 

SCG 

2.05 

1.26 

2.56 
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Table  Il(Cont'd) 

wing  Surface  panel  concept  weight  estimates 

(CSS  140  -  LOWER  SURFACED 

(Con 1 1) 


Concept) 

No.  |  Concept  Description 
1610-101  I  Integral  Tee  Stiffened 
610-101  Integral  Tee  Stiffened 
610-105  Integral  Blade 
610-105  Integral  Blade 
610-105  Integral  Blade 
610-105  Integral  Blade 
610-105  Integral  Blade 
610-105  Integral  Blade 
610-105  Integral  Blade 
610-105  Integral  Blade 
610-105  Integral  Blade 
610-105  Integral  Blade 
610-118  Integral  Formed  Bulb  Tee 
610-118  Integral  Formed  Bulb  Tee 
610-118  Integral  Formed  Bulb  Tee 
610-118  Integral  Formed  Bulb  Tee 
[610-124  Hat  Stiffened  Skin 
[610-124  Hat  Stiffened  Skin 
1610-124  Hat  Stiffened  Skin 
[610-124  I  Hat  Stiffened  Skin 


Materials 
Ti  8-8-2-3 
Ti  8-8-2-3 
AL  7475-T7651 
AL  7475-T7651 
A1  7475-T7651 
AL  7475-T7651 
Ti  6AL-4V  (Ann.) 
Ti  6AL-4V  (Ann.) 
Ti  6AL-4V  (Ann.) 
Ti  6AL-4V  (Ann.) | 
Ti  8-8-2-3 
Ti  8-8-2-3 
AL  7050-T.76 
AL  7050-T76 
Ti  6AL-4V 
Ti  6AL-4V 
Ti  8-8-2-3 
Ti  8-8-2-3 
Ti  6AL-4V  (Ann.) I 
Ti  6AL-4V  (Ann.) 


I  Damage 
Mode 


W 

Static 
1.73  1 1. 00 

1.73  1 1.64 

2.44  1.00 

2.44  1.03 

2.44  1.13 

2.44  I 1 . 13 
2.05  1 1. 00 

2.05  1.21 

2.05  1.17 

2.05  1.21 

1.72  1 1. 00 

1.72  11.64 

2.74  1.00 

2.74  1.24 

2.05  1.00 

2.05  1.26 

1.75  1.00 

1.75  1.64 

2.05  1.00 

2.05  1.21 


Wt 
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Table  II  (Cont'd) 


WING  SURFACE  PANEL  CONCEPT  WEIGHT  ESTIMATES 

(CSS  140  -  LOWER  SURFACE) 

(Con' t) 


Concept 

No. 

Concept  Description 

Materials 

Damage 

Mode 

W 

Static 

K(T 

wt 

TOT 

610-124 

Hat  Stiffened  Skin 

Ti  6AL-4V  (Ann.) 

SCGH 

2.05 

1.21 

2.48 

610-124 

Hat  Stiffened  Skin 

AL  7050-T76 

FS 

2.48 

1.00 

2.48 

610-124 

Hat  Stiffened  Skin 

AL  7475-T761 

FS 

2.44 

1.00 

2.44 

610-124 

Hat  Stiffened  Skin 

A1  7475-T761 

FSH 

2.44 

1.13 

2.76 

610-124 

Hat  Stiffened  Skin 

AL  7475-T76 

SCG 

2.44 

1.03 

2.51 

610- 124 

Hat  Stiffened  Skin 

AL  7475-T761 

SCGH 

2.44 

1.13 

2.76 

610-128 

Honeycomb  Sandwich  Panels 

AL  7050-T76 

FS 

2.52 

1.00 

2.52 

610-128 

Honeycomb  Sandwich  Panels 

AL  7050-T76 

SCG 

2.52 

1.24 

3.13 

610-128 

Honeycomb  Sandwich  Panels 

Ti  8-8-2- 3 

FS 

1.95 

1.00 

1.95 

610-128 

Honeycomb  Sandwich  Panels 

Ti  8-8-2-3 

SCG 

1.95 

1.64 

3.20 

* 

610R-000 

Sculptured  Plate 

AL  2024-T851 

SCGH 

2.50 

1.70 

4.25 

* 

610R-007 

Full-Depth  Core;  Large 
Cell 

Ti  8-8-2-3 

SCG 

2.20 

1.64 

3.16 

* 

610R-010 

Honeycomb  Panels- 
Composite  Slugs 

Ti  8-8-2-3 

FS 

1.87 

1.00 

1.87 

* 

610R-011 

Honeycomb  Panels-Channel 
Spar  Splice 

Ti  8-8-2-3 

FS 

1.74 

1.00 

1.74 

* 

610R-013B 

Laminated  Skin-Stepped 
Caps 

AL  7050-T76 

FS 

2.30 

1.00 

2.30 

♦ 

610R-014 

Full- Depth,  Large  Cell 
Core-Laminated  Skin 

Ti  8-8-2-3 

FS 

1.85 

1.00 

1.85 

★ 

610R-0133 

Welded  Space  Truss  Sub 

Ti  6-4  (Ann.) 

FS 

1.79 

1.00 

1.79 

8 


Table  III 


WING  SURFACE  PANEL  CONCEPT  WEIGHT  ESTIMATES 

(WING  CSS  340  -  LOWER  SURFACE) 


Concept 

No. 

Concept  Description 

Materials 

Wt 

TOT 

610-016 

Modified  Triangular  Truss  Core 

AL  7050-T76 

0.24 

610-016 

Modified  Triangular  Truss  Core 

Ti  6AL-4V  (Ann.) 

0.33 

610-021 

Multiple  Rectangular  Tubes 

Ti  6AL-4V  (Ann.) 

0.32 

610-034 

Triangular  Truss  Core 

Ti  6AL-4V  (Ann.) 

0.35 

610-034 

Triangular  Truss  Core 

AL  7050 

0.24 

610- 101 

Integral  Tee  Stiffeners 

AL  7475-T7651 

0.19 

610-101 

Integral  Tee  Stiffeners 

Ti  6AL-4V  (Ann.) 

0.28 

610-105 

Integral  Blade  Stiffeners 

AL  7475-T7651 

0.21 

610-105 

Integral  Blade  Stiffeners 

Ti  6AL-4V  (Ann.) 

0.32 

610-124 

Hat  Stiffened  Skin 

AL  7050-T76 

0.24 

610-124 

Hat  Stiffened  Skin 

Ti  6AL-4V  (Ann.) 

0.33 

610-128 

Honeycomb  Sandwich  Panel 

AL  7050-T76 

0.27 

610R-104 

Baseline-Sculptured  Plate 

AL  2024-T851 

j 

0.49 

610R-100 

Honeycomb  Sandwich  Panels 

AL  7050-T76 

0.42 

610R-102 

Adhesive  Bonded  Multi-Spar 

AL  7050-T76 

0.18 

610R-103 

Honeycomb  Sandwich  Panels. 

Ti  6AL-4V  (Ann.) 

0.50 

610-118 

Integral  Formed  Bulb  Tee 

AL  7475 

0.23 
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Table  IV 


WING  SURFACE  PANEL  CONCEPT  WEIGHT  ESTIMATES 

(WING  CSS  340  -  UPPER  SURFACE) 


Concept 

No. 

Concept  Description 

Material 

Wt 

TOT 

610-016 

Modified  Triangular  Truss  Core 

AL  7050-T76 

0.29 

610-021 

Multiple  Rectangular  Tubes 

Ti  6AL-4V  STA 

0.37 

610-021 

Multiple  Rectangular  Tubes 

Ti  6AL-4V  (Ann.) 

0.38 

610-034 

Triangular  Truss  Core 

Ti  6AL-4V  (Ann.) 

0.39 

610-034 

Triangular  Truss  Core 

AL  7050 

0.28 

610-101 

Integral  Tee  Stiffeners 

AL  7050-T7651 

0.26 

610-101 

Integral  Tee  Stiffeners 

Ti  6AL-4V  STA. 

0.31 

610-105 

Integral  Blade  Stiffeners 

AL  7050-T7651 

0.30 

610-105 

Integral  Blade  Stiffeners 

Ti  6AL-4V  STA 

0.37 

610-105 

Integral  Blade  Stiffeners 

Ti  6AL-4V  (Ann.) 

0.38 

610-124 

Hat  Stiffened  Skin 

AL  7050-T76 

0.28 

610-124 

Hat  Stiffened  Skin 

Ti  6AL-4V  (Ann.) 

0.32 

610-128 

Honeycomb  Sandwich  Panels 

AL . 7050-T76 

0.27 

610-200 

Laminated  Plates 

AL  7050-T76 

0.45 

610-200 

Laminated  Plates 

Ti  8-8-2-3 

0.78 

* 

610R-104 

Baseline  -  Sculptured  Plate 

2024-T851 

0.62 

610R-101 

Full- Depth- Core  Sandwich 

Ti  6AL-4V  STA. 

0.22 

* 

610R-108 

Full-Depth-Core  Sandwich 

Ti  8-8-2-3 

0.28 

* 

610R-109 

Multiple  Tension  Stra/lnte.  Stiff. 

Ti  6AL-4V  (Ann.) 

0.43 

* 

610R-100 

Ribbon  Truss  Upr  Surf  Sandwich 

AL  7050-T76 

0.60 
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Table  IV(Cont'd) 


WING  SURFACE  PANEL  CONCEPT  WEIGHT  ESTIMATES 

(WING  CSS  340  -  UPPER  SURFACE) 

(Con' t) 


Concept 

No. 

Concept  Description 

Material 

Wt 

TOT 

610R- 102 

Adhesive  Bonded  Multi-Spar 

AL  7050-T76 

0.18 

610R-103 

Honeycomb  Sandwich  Panels 

Ti  6AL-4V  (Ann.) 

0.49 

610-118 

Integral  Formed  Bulb  Tee 

AL  7475 

0.30 
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I. 2. 1.2  Manufacturing  Evaluation 


The  evaluation  of  wing  skin  concepts  was  based  on  com¬ 
parison  to  known  industry  standards.  Charts  were  prepared 
to  assess  the  relative  difficulty  of  manufacturing  and 
assembly.  These  charts  are  shown  as  Tables  V  and  VI.  Approxi¬ 
mately  eighty-eight  (88)  concepts  were  evaluated  by  the  Manu¬ 
facturing  Engineers. 

The  higher  the  numbers  shown  in  the  chart,  the  easier 
the  concept  is  to  manufacture  and  assemble.  The  letter 
designations  used  in  the  charts  are  described  on  the  second 
sheet  of  each. 

I. 2. 1.3  NDI  Evaluation 

The  NDI  evaluations  were  also  based  on  comparison  to 
known  standards.  Each  concept  is  evaluated  and  specific 
comments  on  inspectability  is  tabulated  in  Table  VII.  These 
concepts  were  intended  to  aid  the  designers  by  identifying 
problem  areas. 


1.2.2  Concept  Utilization 

Not  all  concepts  generated  during  this  initial  portion 
of  the  program  will  be  used.  Those  concepts  which  are  in¬ 
cluded  in  the  next  step  in  the  Design  Approach,  the  Cross- 
Section  Drawings,  are  identified  and  the  drawings  in  which 
they  are  used  are  listed  in  Table  VIII.  Those  concepts  not 
used  are  also  idol  tified  in  Table  VIII  and  the  reasons  for 
their  cancellation  are  listed. 
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Table  V 

COMPRESSION  SKINS 

CONCEPT  RATING 


MANUFACTURING  AND  ASSEMBLY 


DWG.  NO. 

CONCEPT 

MATL. 

100-75 

75-50 

50-25 

25-0 

610-000 

AB-HC  PANEL 

A 

▼ 

wm 

-001 

DB-EXP  CORE 

T 

▼ 

-002 

BEADED  PANEL 

AT 

▼ 

-003 

AB-HC  PANEL 

▼ 

-004 

AB-HC  (WELD)  PAN 

T 

▼ 

-005 

SS  PANEL  (MULTI) 

AT 

▼ 

- ^06“ 

SS  PANEL  (Z) 

AT 

▼ 

-007 

SS  PANEL 

AT 

▼  (A) 

(T)T 

-008 

SS  PANEL 

AT 

▼ 

-009 

AB-HC  +  SLUG  PAN 

AT 

▼ 

-010 

AB-HC-NO  SLUG-PAN 

AT 

▼ 

-Oil 

TRUSS -LATTICE-PAN 

TS 

▼(T)  (S)T 

-012 

TRUSS -CORR-PAN 

AT 

▼ 

-013 

PYM  CORE 

ATS 

▼ 

-014 

STRESS KIN  (WELD)  PAN 

TS 

▼(T) 

w(S) 

-015 

EXP  TRUSS  CORE-Bz 

TS 

▼ 

-016 

ROLL  DB -TRUSS  PAN 

T 

AB-TRUSS  PAN 

A 

▼ 

-017 

AB-HC-PLANK  PAN 

A 

▼ 

-018 

STAMPED  CORE -PAN 

AT 

(A)* 

(T)* 

-019 

Bz  PAN-SW  CORE 

TS 

(D  (S)f 

-020 

AB-BULB  STIFF 

AT 

(A)  (T) 

-021 

T-BURN  THRU  PAN  (TIG) 

T 

* 

-022 

AB-HC  PANEL 

A 

▼ 

-023 

T-BURN  THRU  PAN  (EB) 

T 

▼ 

-024 

AB-SQ  TUBE  PANEL 

T 

▼ 

-025 

T-BURN  THRU  PAN  (EB) 

T 

▼ 

-026 

O-TUBE  PAN-EB 

AT 

T 

-027 

AB-SQ  TUBE  +  1  +  SKINS 

T 

▼ 

-028 

AB-HC-ELG  CORE 

AT 

▼ 

-029 

TRI -TRUSS -AB  PAN 

AT 

(A)V 

▼  (T) 

-030 

RIBBON  CORE 

AT 

▼ 

-031 

WAFFLE  GRID 

AT 

▼(A)  Vd) 

-032 

Y-STRINGER-PAN 

T 

▼ 

-033 

CORR-PANEL 

AT 

▼ 

-034 

45°  TRUSS  T-BURN 

ATS 

▼ 

-035 

AB-HC  CONST.  TAPER 

ATS 

▼ 

-036 

T-BURN  Y  STIFR 

TS 

▼ 

1 
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Table  VI  (CONT'D) 
TENSION  SKINS 


25-0 

► 

50-25 

►  CD 

O  ► 

► 

<7> 

h- 

►  ► 

► 

75-50 

► 

► 

M 

CO 

► 

i— 

< 

100-75 

< 

► 

► 

<  ► 

o  o 

o 

H 

fa  fa 

PQ 
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H  H  H  H 

H  H  CO 
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H  H  < 
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PQ 

Q 

N 

H 

fa  CQ  fa  _ 

Od 

Pi 

fa 

W 
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fa  co  co 
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CJ 
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O  CO  c  + 

O  H  U 

fa 

i  + 

X  CO  H 

OH  X 

fa  fa  Z 

z  o  3 
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CO  •  CO  H 
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i  H 

1  1  1  1 

i  \ 
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Table  VI  (CONT’D) 
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DB-DIFFUSION  BOND  T- TITANIUM 

SS-SKIN  STRINGER  S- STEEL 
HC- HONEYCOMB 


Table  VII 


DRAWING  NO. 

610-000 

610-001 

610-002 

610-003 

610-004 

610-005 


610-008 

610-009 

610-010 

610-011 

610-012 

610-013 

610-014 

610-015 

610-016 

610-017 


610-018 

610-019 

610-020 

610-021 

610-022 

610-023 

610-024 


NDI  COMMENTS 

NDI  COMMENT 


o  Easily  inspected. 

o  Existing  NDI  techniques  may  be  adaptable, 
o  Steps,  core  splices.  2  core  materials  may 
increase  inspection  costs, 
o  Very  difficult  to  inspect.  New  technology 
required. 

o  Easily  inspected.  Existing  techniques  may 
be  adapted. 

o  Easily  inspected.  Existing  technology  may  be 
adapted.  Taper,  Lazy  "Z",  double  core  uses 
increase  inspection  costs, 
o  Some  difficulty  in  inspection.  Existing 
techniques  may  be  adapted  for  bonded  areas, 
o  Fastener  hole  concepts  very  easy  to  inspect 
during  manufacture.  Difficult  field 
inspection. 

o  Adhesive  bonds  or  brazed  joints  easily 
inspected.  New  technology  required, 
o  Some  difficulty  in  inspecting  welds,  spot  welds 
and  weld  bonds . 

o  Some  difficulty  in  inspecting  welded  joints, 
o  Easily  inspected  except  around  hole.  Existing 
techniques  may  be  adaptable, 
o  Easily  inspected  except  around  hole.  Existing 
bonding  inspection  techniques  may  be  adaptable, 
o  Difficult  to  inspect.  New  technology, 
o  Difficult  to  inspect.  New  technology  for 
diffusion  bonds. 

o  Extremely  difficult  to  inspect, 
o  Easily  inspected  except  welds, 
o  Difficult  to  inspect  after  expansion, 
o  Easily  inspected  for  adhesive  bond.  Diffusion 
bonds  require  new  technology, 
o  Easily  inspected.  Existing  NDI  may  be  adapted 
for  core  area.  Tapers,  joggle,  double  core 
increase  inspection  costs  and  difficulty, 
o  Very  difficult  to  inspect, 
o  Some  inspection  difficulty, 
o  Extremely  difficult  and  costly  to  inspect, 
o  Some  inspection  difficulty  for  "T"  configuration, 
o  Easily  inspected  except  joggle  and  core  splice, 
o  Same  as  610-021. 
o  Outer  surfaces  easily  inspected. 
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Table  VII  (Cont'd) 


DRAWING  NO. 


NDI  COMMENT 


610-025 

610-026 


610-027 

610-028 

610-029 

610-030 

610-031 

610-032 

610-033 

610-034 

610-100 

610-101 

610-102 

610-103 

610-104 

610-105 

610-106 

610-107 

610-108 

610-109 

610-110 

610-111 

610-112 

610-113 

610-114 


610-115 

610-116 

610-117 

610-118 

610-119 


o  Tube  joint  inspection  would  be  difficult  and 
costly. 

o  Extremely  difficult  to  inspect  tube  node  welds, 
o  Some  difficulty  in  inspecting  skin-to-tube 
welds . 

o  Same  as  610-024. 
o  Some  inspection  difficulty, 
o  Easily  inspected. 

o  Weld  bond  inspection  is  difficult  and  costly. 

o  Outer  surface  easily  Inspected. 

o  Easily  inspected.  Existing  techniques  apply. 

o  Easily  Inspected. 

o  Some  inspection  difficulty. 

o  Some  inspection  difficulty. 

o  Some  NDI  difficulty. 

o  Some  difficulty  in  inspection.  Diffusion  bonds 
require  new  NDI  technology, 
o  Easily  inspected  except  spar  joint  and  welds, 
o  Sandwich  panel  easily  inspected.  Diffusion 
bonds  and  welds  difficult  to  inspect, 
o  Difficult  to  inspect, 
o  Existing  NDI  applies. 

o  Existing  NDI  applies.  Field  inspection 

difficult . 

o  Existing  NDI  applies, 

o  Existing  NDI  applies, 

o  Adhesive  bonds  easily  inspected, 

o  Diffusion  bonds  very  difficult  to  inspect, 
o  Adhesive  bonds  easily  inspected, 
o  Diffusion  bonds  very  difficult  to  inspect, 
o  Some  difficulty  in  inspecting, 
o  Some  inspection  difficulty, 
o  Some  inspection  difficulty, 
o  Adhesive  bond  easily  inspected, 
o  Brazing  or  diffusion  bond  requires  NDI 
development . 

o  Very  difficult  to  Inspect.  Extensive 
development  required, 
o  Very  difficult  to  Inspect, 
o  Very  difficult  to  inspect, 
o  Some  inspection  difficulty, 
o  Some  inspection  difficulty.  Costly. 
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Table  VII  (Cont'd) 


DRAWING  NO. 


NDI  COMMENT 


610-120 

610-121 

610-122 

610-123 

610-124 

610-125 

610-126 

610-129 

610-130 

610-131 

610-132 

610-200 

610-201 

610-202 

610-203 

610-204 

610-205 


610-206 

610-207 

610-208 

610-209 

610-210 

610-211 

610-212 

610-213 

610-214 

610-215 

610-216 

610-300 

610-301 

610-302 

610-303 

610-304 


Very  difficult  inspection,  new  techno logy 
required. 

Some  inspection  difficulty. 

Very  difficult  to  inspect.  New  technology 
required.  J 

Some  inspection  difficulty.  New  technology 
Some  inspection  difficulty.  Taper  may  increase 
inspection  costs. 


Very  difficult  to  inspect. 

May  not  be  able  to  inspect  for  fiber  continuity. 
Some  inspection  difficulty.  New  technology. 

Very  difficult  to  inspect.  New  technology. 

Very  difficult  to  inspect.  New  technology. 

Applies87  t0  in8peCt*  Existi"g  technology 

Some  inspection  difficulty.  Stepped 
configuration  increases  inspection  costs. 

See  610-005  for  NDI. 


o  Easily  inspected  except  welds, 
o  See  610-005  for  NDI  evaluation, 
o  Some  difficulty  in  inspecting  multilayers, 
o  Easily  inspected.  See  610-005  for  joint  NDI. 
o  Core  area  easily  inspected. 

o  Some  difficulty  in  inspecting  tapers,  diffusion 
bonds . 

o  Extremely  difficult  to  inspect, 
o  Very  difficult  to  inspect, 
o  Very  difficult  to  inspect, 
o  Easily  inspected  except  tapers. 

o  Easily  inspected.  Existing  NDI  may  be  adaptable, 
o  Some  inspection  difficulty, 
o  Liner-shim  bond  easily  inspected.  Stiffener 
tube  joint  extremely  difficult  to  inspect, 
o  Extremely  difficult  to  inspect, 
o  Extremely  difficult  to  inspect, 
o  Some  difficulty  in  inspecting, 
o  Some  difficulty  in  inspection, 
o  Some  inspection  difficulty. 

o  Very  difficult  and  costly  to  inspect.  New 
technology. 

o  Some  inspection  difficulty, 
o  Some  inspection  difficulty.  New  technology, 
o  Some  inspection  difficulty.  Bonded  joints 
cannot  be  1007.  inspected. 
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Table  VII  (Cont'd) 


DRAWING  NO. 


NDI  COMMENT 


610-305 

610-306 

610-307 

610-308 

610-400 

610-402 

610-403 

610-500 

610-501 

610-502 

610-600 

610-601 

610-700 

610-701 

610-702 

610-703 


610-704 

610-705 


o  Extremely  difficult  to  inspect  bonds, 
o  Some  difficulty  in  inspecting  welds, 
o  Easily  inspected, 
o  Easily  Inspected, 
o  Inspection  requirements  unknown, 
o  Existing  NDI  applies.  Disassembly  required  for 
100%  field  NDI. 
o  Easily  inspected. 

o  Some  difficulty  in  inspecting  closure  ship  area, 
o  Easily  inspected.  Existing  NDI  may  apply, 
o  Diffusion  bonds/molds  very  difficult  to  Inspect, 
o  Some  inspection  difficulty, 
o  Some  difficulty  in  inspecting  truss  members, 
o  Difficult  weld  inspection, 
o  Some  inspection  difficulty, 
o  Very  difficult  to  obtain  100%  inspection, 
o  Very  difficult  to  obtain  100%  inspection, 
o  Some  difficulty  in  inspecting, 
o  Concept  (1)  very  difficult  to  obtain  100% 
inspection. 

o  Some  difficulty  in  inspecting  concept  (2) . 
o  Total  NDI  of  joint  is  impracticable, 
o  Some  inspection  difficulty. 
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Table  VIII  ELEMENT  CONCEPT  UTILIZATION 
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*E  -  Im?ossibl2SPeCt’  B  “  Normal  Difficulty  in  Inspection,  C  -  Difficult  to  Inspect,  D  -'Hard  to  Inspect, 
**Bnsea  on  0  to  100.  0  is  impossible  to  manufacture.  10Q  is  easy  to  manufacture* 


Table  VIII  (Cont'd)  ELEMENT  CONCEPT  UTILIZATION 


NOT  USED  IN  FUTURE  WORK  FOR  FOLLOWING  REASONS 

Extremely  difficult  to  manufacture  without 
stretching  core  material 

Splices  to  achieve  fail  safety  not  required 
in  upper  surface 

Structurally  inefficient 

Structurally  inefficient 

Splices  to  achieve  fail  safety  not  required 

in  upper  surface 

Manufacturing  costs  excessive 

Small  weight  savings  potential  does  not  warrant 

excessive  costs 
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Table  VIII  (Cont'd)  ELEMENT  CONCEPT  UTILIZATION 


NOT  USED  IN  FUTURE  WORK  FOR  FOLLOWING  REASONS 

Same  as  610-028 

Manufacturing  costs  excessive 

Manufacturing  costs  excessive 
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Table  VIII  (Cont'd)  ELEMENT  CONCEPT  UTILIZATION 


NOT  USED  IN  FUTURE  WORK  FOR  FOLLOWING  REASONS 

Manufacturing  costs  excessive;  unreliable  NDI 

Same  as  610-109 

Excessive  costs;  composites  too  expensive 
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Table  VIII  (Cont'd)  ELEMENT  CONCEPT  UTILIZATION 


NOT  USED  IN  FUTURE  WORK  FOR  FOLLOWING  REASONS 

Manufacturing  costs  excessive 

Manufacturing  costs  excessive 

Manufacturing  costs  excessive 
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c n 

2 

o 

w 

< 

w 

P4 

O 

2 

M 

o 

rJ 

o 

Uh 

0) 

< D 

<D 

0) 

a> 

> 

> 

> 

> 

> 

OS 

•rM 

•r-4 

•r-4 

•rM 

iM 

o 

co 

CO 

CO 

CO 

CO 

u* 

co 

CO 

CO 

CO 

CO 

<D 

0) 

<D 

<V 

4J 

4J 

0) 

U 

U 

a 

u 

c 

c 

0 

X 

X 

X 

X 

0) 

<D 

X 

0 

<D 

V 

a> 

<D 

•H 

•f-l 

0) 

U 

U 

CO 

CO 

CO 

CO 

•rM 

•r4 

CO 

UJ 

4~» 

AJ 

4J 

4-> 

4-4 

4-1 

aj 

CO 

CO 

CO 

CO 

4-1 

4-1 

CO 

5 

O 

0 

0 

O 

<D 

<D 

0 

H 

O 

0 

0 

O 

c 

c 

0 

•H 

-rM 

60 

60 

60 

60 

60 

c 

C 

c 

e 

a 

2 

•H 

•r-4 

•rM 

•rM 

r—4 

r—4 

•rM 

M 

u 

J-i 

V4 

M 

r— 4 

r—4 

n 

P 

P 

P 

P 

eO 

CO 

p 

Q 

u 

AJ 

4J 

4J 

U 

u 

AJ 

W 

0 

U 

O 

U 

P 

p 

O 

CO 

03 

cd 

CO 

CO 

4J 

4J 

eO 

p 

4-4 

4-1 

4-1 

4-1 

O 

O 

4-1 

3 

P 

P 

P 

P 

P 

H 

c 

C 

c 

c 

u 

J-l 

C 

O 

eg 

eg 

jg 

CO 

4J 

AJ 

eg 

2 

2 

2 

2 

2 

C/5 

CO 

2 

CO 

UO 

CM 

0 

r—4 

r-t 

• 

r— 4 

O 

O 

O 

| 

1 

1  * 

O 

O 

•» 

*  CM 

O 

ON 

O 

00 

co 

vO 

vO  O 

2 

Csl 

«— 4 

O 

i— 4 

0 

O 

O 

O  1 

H  • 

O 

O 

r—4 

r—4 

O 

0 

O 

r—4 

O 

O 

1 

1 

1 

CM 

1 

1 

1 

1 

1  • 

Q  2 

& 

1 

& 

p£ 

ctf 

P c 

OS  r*  <t 

W 

O 

O 

O 

O 

O 

0 

O 

0 

O  H  CM 

C/5 

r— 4 

r— 1 

r-4 

i—4 

r—4 

r—4 

r—4 

r—4 

r-4  O  O 

vO 

vO 

vO 

vO 

vO 

vO 

vO 

vO 

vO  I  | 

•K 

* 

O 

2 

►H 

O  H 

£2 

•K 

O 

2 

M 

. 

NDI 

RAT 

Q 

Q 

PQ 

< 

0Q 

Q 

Q 

Q 

O 

U 

PQ 

Q 

PQ 

PQ 

PQ 

• 

O 

2 

H 

00 

ON 

O 

r—4 

CM 

co 

<r 

UO 

vO 

00 

On 

O 

r-4 

O 

(X, 

O 

O 

O 

c-4 

r— 4 

r— 1 

r—4 

r—4 

r—4 

r—4 

r—4 

r— 4 

CM 

CM 

O 

w 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

CO 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

l 

2 

O 

O 

r—4 

O 

........ 

vO 

26 


Table  VIII  (Cont'd)  ELEMENT  CONCEPT  UTILIZATION 


0) 

> 

•r-l 

to 

CO 

CO 

cO 

Z 

c 

1 

O 

01 

CO 

CL 

1 

< 

X 

CO 

w 

06 

d 

u 

CO 

c 

d) 

o 

co 

0) 

X  C 

u 

B 

U  «rH 

Z 

CO 

0) 

4J 

4-4 

o 

d 

<D  d 

3 

u 

•r-4 

J6  O 

o 

3 

CO 

60 

cr 

CO 

►J 

c 

a) 

C  <D 

O 

•r-l 

d 

O  **H 

II 

M 

<u 

•iH  i— 1 

3 

aj 

> 

LI  J3 

06 

u 

c 

•rH 

a  B 

o 

U 

•r-l 

CO 

d)  d) 

CO 

O 

CO 

CO  CO 

4-4 

a 

d 

i  co  ci 

3 

O 

CO  <  C0 

PS 

C 

TJ 

X 

co  co 

o 

to 

d 

<11 

O  r-H  _C 

e 

CO 

d  CO  PH 

w 

x: 

CO 

u  u 

•  #* 

aj 

iH  C 

g 

s 

x: 

CO 

O  U  6C 

vO 

d 

■Li 

o 

AJ  tO  -H 

H 

O 

•rH 

o 

vO 

vO 

r-H  CO 

o 

o 

O 

o 

o 

o 

o 

ZD 

r— 1 

4-1 

60 

C 

r— 4 

r-l 

ci  co  ci 

o 

o 

O 

o 

o 

o 

o 

U* 

CM 

1 

O 

<l) 

csi 

i 

CM 

1 

r“*  c  o 

XI  < 

vt 

1 

1 

<r 

i 

1 

<r 

i 

<r 

i 

z 

o 

aj 

r-l 

•r-l 

O 

O 

co  to 

o 

o 

o 

o 

o 

o 

o 

M 

i—4 

X 

1-1 

r-H 

»—4 

O  C  d 

r—4 

r-H 

r—4 

i—4 

rH 

i— 4 

r-| 

vO 

4J 

•rH 

3 

vO 

vO 

•rH  *»H  C\3 

VO 

vO 

vO 

vO 

vO 

VO 

vO 

Q 

i—4 

AJ 

aj 

i-H  C 

W 

CO 

3 

CO 

u 

CO 

CO 

CLT3  ‘iH 

CO 

CO 

co 

CO 

CO 

CO 

CO 

CO 

Z3 

cO 

u 

•H 

CL 

E 

CO 

4H 

CO 

CO 

CL  d  g 

CO  CO  *rl 

co 

co 

co 

CO 

CO 

CO 

cO 

Cl 

4-4 

o 

3 

Cl 

<D 

3  *-h 

Cl 

Cl 

Cl 

Cl 

Cl 

Cl 

Cl 

H 

B 

U 

C 

E 

i 

AJ  0) 

s 

6 

g 

6 

g 

B 

6 

cd 

O 

co 

•r-4 

c 

3 

CO 

(0 

Odd 

co 

co 

CO 

cO 

<0 

cO 

z 

CO 

Q 

M 

s 

CO 

CO 

Z  X  Cd 

CO 

CO 

CO 

CO 

CO 

CO 

CO 

• 

o 

3 

Q 

ro 

o> 

Z 

o 

o 

M  • 

r—4 

o 

o 

1 

1 

Q  Z 

06 

06 

U 

O 

o 

CO 

rH 

r-H 

3 

vO 

vO 

■K 

* 

O 

z 

M 

O  H 

£2 

* 

O 

z 

M 

NDI 

RAT 

Q 

PQ 

O 

u 

Q 

< 

< 

o 

< 

< 

PQ 

< 

PQ 

• 

o 

z 

N 

r—4 

CM 

CO 

uo 

vO 

00 

o 

rH 

CM 

co 

-3- 

m 

o 

y—  4 

P* 

O 

O 

O 

o 

O 

O 

O 

o 

o 

o 

O 

O 

o 

o 

o 

o 

w 

o 

CO 

| 

CO 

1 

CO 

1 

CO 

co 

CO 

CO 

CO 

<r 

<T 

LO 

z 

o 

u 

l 

1 

o 

i—4 

vO 

1 

i 

1 

i 

o 

r—4 

vO 

1 

27 


Table  VIII  (Cont'd)  ELEMENT  CONCEPT  UTILIZATION 


28 


SECTION  1.3 
CATALOG  OF 

ELEMENT  CONCEPT  SKETCHES 


29 


COMPRESSION  SKIN  CONCEPTS 

SKETCHES  610-000  THROUGH  610-036 


30 


31 


32 


34 


35 


>0 

I 

O 


UJ 

<c 

a; 

K 


,  *-  Q 

5j  ? 

h  UJ^ 

bp 

in  tu  uj 
Ud  UJ 

iO  h* 


~  *-u 
U  Ui  ^ 

«/>  _J 

;g  3 

t  C  K 
^  1— 

8s1^ 


2 

[/l 


o 
i n 


< 


2 

2 

zz 

<£ 

h 

p 

cu 

o 

£ 

2 

*: 

•a 

cc 

i 

<X 

UJ 

i 


v5 

Z) 


L 

*  >5 


^  5  L- 

°-3§ 

5  < 
ohS 

v*  Ui 

2  CO  £ 

l2* 

*ui 

a! 


irt  J 

S* 

fs 

§1- 


Jflal? 

2  }*■  v 
■  !±  ^ 
3!  H  ^ 
|  UJ 


d 

$ 


til 


2 

«X 

Q 

<t 

in 


2 

2 

% 

2  fc 

t It  vj 

5H? 

<3  3  ^ 
oj  cu  n 

9U  2  3 

Ho  O 

uiK  H 

ps 

U  ,J  u 


36 


37 


38 


O 

Q 

i 

9 

3 


Q 

2 

cj 


:r  ^ 

£  C 

MJ  Ck 

5  d 


Q 


19 

K 

< 

S 

CO 

£y 

a 


£  ^ 
si 

w  u 
Ip  ^ 
u  c/1 


a 

Uj 

rvJ 

<3 

§5 

S 

Q 

ai 

o 

1 

d a 

S 

ITS 

ui 

=t 

a 

<t 


«? 

^  Q 

9  a 

aj  CO 
3  Q 

6  3 

a.  5 

tP  * 


VI 

a 

g 

£ 

< 

OJ 

O 

s 

Q 

=3 

2 


Ui 

5 


O  O 

°  2 
11  2 
C  & 
^  2 


Qi 

v 

£ 
— j 
OJ 

2 

<t 

v5 


^Ej  N6| 


a  a 

3  3 


S  £ 


39 


40 


Fort  Worth  Operation 


41 


Convmir  Amrospscm  Division 

Fort  Worth  Oporatton 


42 


43 


45 


46 


47 


48 


o 


49 


\ 

«p  i 

L  * 

I 

:  r 

T- 

♦ 

— J 

i- - A - 

— ^r- 

a 


50 


fort  Worth  Oporstton 


51 


I 


o 

3 


<i 

•  ;  K 

2  J 

-J  *s 

=?  V-l 

'  -  H 

2  2 

y~  £ 
o  s 

L-J  ijj 


^  UJ 


yf\ 


UJ 

(* 

<* 

ifl  6 
u  o 

3  I 

u  < 

!±  <r 
h;  K 

^  0 

a  * 

is 

Z 

Q  2 
5  * 
5  ^ 

s  p 

C  Q 

P 

O  a) 

U3 


i/I 


2 

a 

£ 

i/1 

UJ 

c w 

<o 

< 


wl  I 
2  *- 
Q  ~ 

—  .-i 

u  s 

In  S 

55 

*s 

4  t? 

2 


^  *  * 


s, 

5S 


£ 

IS 


—  VJ 

*  => 

CJ  c’ 
C  - 

5  e 

1  ' 

O  ' 

2  T-, 


-J 

aJ 

2 

£ 

U 

Q 

a 

K 


$ 


< 

ft. 

\fi 

J 

S 

I 

g 


c 

ftj  ^ 

si 

dg 

a  a 

u  It 


i 


cr- 


&« 

rs 

JV 


i 

fi  * 

iii 


52 


QJ 

6 


a 

LlI  Ml 

a  o 

— i 

CL 
i/I 

&  ^ 
2  I— 

o  5 
u  ^ 


cn  g 

£  ft 


§  - 

”K» 

‘3&P! 

gie  3 

Ui 
u 

s 

.  ,  <3  £ 
3  |  £ 

§  |  32 
g  ?  c  „ 
<  a 

fc  <  *  ui 

O  fe  <  <3 
u  2  u.  hj 


o  gJ  ui 

—  tr  w 
2  2 


$ 


<C  Ui 
Q.  => 


zu 

l/l 

2 

o 

l/^ 

LlI 

C* 

II 

S3 

i 

< 


Ui 

•Q 

2 


I 

u. 

U.  *> 

§1 

9  < 

.  <Q 

*>  *  Ui 

Hi  W 


2  LL 

8| 

§1 

if 


?< 

2  UI 

II 


4 

h 

& 

o£ 

II 

a< 


9! 


53 


Convmir  Aerospsce  Division 

Fort  Worth  Operation 


54 


s 

3 


lO 

UJ 

ca 

o 


UJ 

c* 

C5 

cn 


5 

cP 


o 


Ul 

<  2 
uj 

t/1  »4j 

OJ  ^ 
43 

k 


UJ 
C* 

O 

o 

l/"» 

<• 

z 
Q 
£ 

3  oJ 

*  s 

ez 


#5 

o 

uJ  tx 

O  uj 

3  tr 

§§ 

a!  I 


i/i 


O  _ 

12 


W 

g 


U. 


OJ 
l L 


b2 

a  S 
« 

H  — i 
/)  \0  < 
CW 

J  Q  uj 

5  §  5 

u.  13  i 

•  "  K> 


Q- 

CL 

3 


55 


fort  Worth  Oporatton 


56 


57 


58 


59 


60 


61 


62 


g 

C 

VU  J  =! 

2  o  * 

*qn 

uj  oI  tg 

Ur  %.  vu 

5  <J  ^ 

r\  ,  tv 

2 

^  ttj  3 

ls> 

•  is 

2 

o 

r  uj 

i/i 

i  o  t? 

v/l 

Z  2  ft 

LU 

Q<tll 

CW 

t  H>  >. 

a 

S  uj  _j 

5^  3 

S  in  5 

2 
z  Q 

i  u 

t  a  3 

5 

Mi 

i 

< 

3 

-J 


2 

<2 

u 


a. 

5 

f 


•  M 


£ 

O 

o 

UJ 


U 


C k: 

UJ 

Cl 

Cl 


63 


64 


65 


66 


67 


TENSION  SKIN  CONCEPTS 
SKETCHES  610-100  THROUGH  610-133 


68 


69 


70 


71 


72 


f 

D 

S) 


cC 

LU 

o 

-J 

o 

z 


-j  D 

Ol  u, 

<1  LU 

a  u. 

LU 


</) 

<0 


uj  Vo 

Ui  or 


c* 

D 

h- 

<j 

cr 

i- 

</> 


o 

ii 

a. 

oe  -r 
U  ^ 

I/O  O 

Ui  — - 

o  </) 

£  2 

*  £ 
O  O 
u 


a 

</) 

o 

2 

Art 

a 

ui 

2 


5 

cn 

Ss 

cJ 

3  ° 

«*V  i— 


<n 

Z 

o 

</) 

z 


ii 

5* 

_J 

E 

< 


d 

z 

«< 


Ui 

3 

h- 

O 

z 

<* 


.5 


ex 

CD 

Ui 


-) 


7  <Jt 

z 


Ui 

z 

>- 

<n 

WO  lii 

s  s 

2  ? 

t  | 
0  ^ 

l  • 

u 


CC  z  ^ 

!“£d 

§5z 

£*5 


a 

o 

u-  z 

I2<« 

<*2 

35 


LU 


o 


<ni-- 

ii 


^  if 

Ui 

p  O- 

I  5o 
§3$ 

_i  u;ai 

UJ  ^  h- 


o 

z 

2 


a 

o  z 


73 


74 


4 


£ 


OJ 

o 


2 


lU 

LU 

Oj 

=L 


h 


uJ 


s 

fn 


aa 

2 


2 

iO 


UJ 

2 

O 

L- 

•y> 

< 

hi 


o 

\P 


< 

u 

LiJ 


d. 


l/l 

o 

£ 

z  ^ 

2  LiJ 

5h 

£ 

a. 

< 


2 

5 

2 

£ 

I- 

QJ 

Q 


3 

2 

ii 

S~J 


Ut 

t? 

3 

o 

8 


0 

k 

o 


25 
u  ✓» 
i/i  »- 
01 
Li  dJ 

a  a  - 

j  —  —  L.  ^ 

*  */♦  2  Q  ui 

£  *  S  5  »  “ 

3  111  <  H  l' 


LU 

ig 

H 


oi  C  - 

is?> 
/>  3 

_j  a  2  2 
^  =  utt] 


Nl 

rv. 

5* 

>N» 

£ 


75 


CJ> 

u 


n 

a 

-j 

CJ 

UJ 

o 


in 


Ll 


•/» 

CJ 

uJ 

2 


r3  u. 

<  i= 

1  .Q 

U  i/’  lLI 

2  cj  cw 

ssb 

^2 

<  —  . 
uJ  <—  LL 


rn  ^ 

§8 
^  o 

2* 
-Ll  aJ 

UJ  (C 

Ir 

uJ  Cl 

t£  U 


2 

<£ 

2 

\  J 

H 

h 

-W 

yP 

•2J 

o 

2 

2 

o 

r> 

z  ^ 
o  2 

*u 

£ 

UJ 

o 

z 

5  LU 
?h 

|« 

2 

Q 

5Z 

a. 

< 

1 

o 

_J 

IPI 

LLi 

o 

<1 

< 

O 

a 

5 


J 


N, 

& 
1 


|| 

I 

I 


76 


uJ 

5 


lL) 

U 

_J 

Cl 

C/1 


f  #  1 

Q 


a: 


:j 

2  - 
<  a  -  • 
SFifcfl 
9  C3 


ol 

^  lL 
<:  ~ 


^CQ 

sl*§ 

u  </■>  iu  2 

uj 

UJ  ftj  0] 

i^i 

ih$ 

i-^2 

£  1 1  .oj 

V  §  K 

Z  K  O  Lu 

U  ‘•U.  <Z  [P 


l/l 

Q 

z  on 

P 

< 


*»  J 
</> 
UJ 

va 

p 

§ 
o 
<s 


\S 

% 

o 

*5 

■3 

Vj 


35 

n 

a  < 


<  jS 

iu  u 


* 

\fl 

LL) 

O 


2 

<X 

a 

< 

\S\ 


i 


1^ 

S* 

1 


CL 

eJ 

a. 


77 


78 


79 


80 


81 


82 


I 

o 

cf) 


Q 

al  i— 
7  r* 

^  -r 
LU 

Li-  O 


</>  O 

LU 

>  Cf 


<J> 

s? 

ft 

o“ 

Ul 

< 


cO 


tv 

ul 

/ 

2 

z 
o  < 

uJ 


u. 

c-° 


**  «*a 

oi 
t5 


>  h' 


Cf  ^  K 
<9  GO 

ul  2  - 
H  ^  5 
zot: 
z  £?£ 
O  o  H  2 
►??2 


07  Vj  ^ 

£  ? 
y  ^  :* 

6 

U 


:  *4 


O 

z 

o 

<n 

z 

LU 


o 


g 

z 

Y~ 


D 

Z 

Z) 


a 

o 


o 

ai 

£ 

z 


</> 

'Z<* 

*tu 

9 
z> 
o  o 

IS 

”"83 

z  r“  ^  -l 
-  Z  jf  ^ 

</>  0<C^, 

?Ss|i 

<n  w  i/)  ±z  < 
<  o  5  S 
^  tDdoZ 
^  ^  <<  < 

•  •  a 


2; 

£ 

S 


1 

Cv^o 

ft 

a 

i 


83 


Convs/r  Aerospac*  Division 

Fort  Worth  Oporstion 


84 


STRUCTURAL  CONCEPT  1610 -  II 6 

TITLE 

SK1H  PANEL  -  INTEGRALLY  STIFFENED 

COMPOSITE  REINFORCED _ ' 

CONCEPT  DESCRIPTION 


85 


G1NIRAL  DYNAMICS 

C on  v  air  Aerospaca  Division 

Fort  Worth  Oporstion 


86 


87 


88 


89 


90 


91 


Fort  Worth  Oporstk 


92 


93 


94 


95 


rsi 

i 

C> 

-v. 

vS 


u 

c 

CL 

Q 
UJ 
H- 
<X 
C LI 

o 

LU 


:x 

u 

5 

o 

2 

< 

in 


c 
a  cl 


LLl 


i±  o 
in  \ 
u,  ofl 


Q  ^ 
UJ  > 

I  ^ 

to  m 


O 

UJ 

O 

5 

Q 

to 

5 . 
S3 

UJ 

Cu  tJ 
2| 
o  Q 
h  -4 


Cl 

oj 

VJ 

2 

a 


sr  *1 

5 

£ 

< 


to 

tsj 

cij 

oh 

u 

o 

ia 

s? 

*3 


€ 

M 

i 

O 

5 


y 

is 

U 

$ 

OJ 

rvi 

9 

2 

c 

\p 


cJ 

UJ 

3 


UJ 

S 

-j 

C* 

* 


:w 

tp 


96 


Q 

3  I 
*0  3 


vi 

h 

S:  a 

p 

c2 

UJ  ~ 
8 


& 

UJ 

Q 

u 

i| 

£ 

< 


s 
o 

(? 

p 

CVi 

QC 
GG 

5 

5  <T 

UJ 


is 


Uj 

Vu 

< 

i 


K 

X 

VJ 

ui 

’  !a2 

M  ^ 

3  uj  ^ 

§11 

«r 


u< 

•*  £ 
?s 
2? 


Ui  2 

e;  t 
5  i/ 

«=  Oi 
<2  * 
o  3 


u. 

o 

l 

l 

Ui 

£L 

Q 

U 

U 

<3 


"  Mi 


^  3  s  E 
<  i  3  s 
s  —  3 

^  £.  c  &- 


<>•  ff\  rf 


IQ 

1 

<V 

2 

/I 


/ji 

11 

gl 

§2 

l/l  \fi 


o 


5 

o 

UI 


UJ 

£ 

o 


i 

/I 


ui 


V  OJ 


LU 

vJ 

llI 

3 

a 

UJ 

</1 

o 

5 

UJ 

c* 

DQ 

U 


/I 


5 

v3 

tC 

UJ 

SS 

K—  &. 

au 

i/i  u 
< 
2  a 

s'1 

s§ 
n  p 

u  Ll 


a 
<2 

uj 

£ 

og 

€ 

Ui  2 

§  § 
S  £ 

UJ  UJ 

>  3 

£2 

§2 

<C  < 


—  <\i  <7  id 


97 


98 


99 


?(A 


o 

«/> 

h- 

</> 

<n  1 


Z  O 

Qu 

a.  — 

55 

!s 

y*^ 

2  O 
O  -J 
u 


«/>  */) 

52 

a  ^ 

<f) 

<t 


o  ^ 

oj  </) 
Z  aJ 
OJ  cl/ 
u.  z 
U;  Cl 

h~  —* 
«/>  U- 


cO 


o 

cO 

z: 

LU 

|— 

cD 

rr. 

I=i 

5 

£ 

< 


D 

Z 

<1 

H 


£ 

3 

Z 

£ 

_ ) 


1 

-J 


</> 

C* 

LU 

3 

o 

a 

a) 

? 

O 


uj 


Z 

o 


05 


> 


O 

UJ 

Z  uj 
**  Ur 
-J  <1 

a«/> 


.  <0  -- 

z^Qcsd 

acf^z 

jaL 

§*ag 
fcf  ^ 


100 


CO 


n 


i 


«i  r  r 

~  u 

u.  I  -  </> 
O  uj  i'J 
r*v  O 


CO 

</> 

o 

o 

z  ^ 
22 
t  </> 

Sc* 

8  £ 

£  6  5 


§ 


O  u. 

UJ 

9,u 

|  a 

tf)  «/) 

?s 

Is 

°  H 

=r  o 


^  P: 

ih 

2T  tf 
O  <f 
cO  LH 
%  >- 
LU 

S3* 

f:  4 


O 

i~- 

a: 

a 


z 

<i 

t 

H- 


D 

Z 

3 


z 
<m  o 

o  ^ ':: 

-y  LLi  J 

5  ^ 

cj  12 . 

cT^-i 

<y 
H  ui 

I-"' 

s»-$ 


U-  ^  -£ 

^aJl 

%a  Q 

<?%> 

T3  O  J 
O  z  =: 


</>  ^ 

'/  ^ 

rr  *  h 

uj  — 

'<  1  j  ~  — 

O  Q  ttf 
— *  <Z 

XL)  »-  O 

a  (/o- 

O  Li  lJ  h- 

^  a° 

h-3Z<^D 

Zu2a 
IS  3  -H- 
^  5  -r</> 

uj  <^=5  Z 

<->  -io 

<  </)  ?o 
J  LU  x 

ao^D 

<4  _j  <0  \  u. 
Z 

cc  O  z  «/> 
LU  Cf  >  5  \ 
H^O^d 
x  a  ec*  < 

Ui  </)  Q.  J  U- 


z 


UJ 
</> 

ii 

c/)  ■< 

</)  O 

UJ  Z 

og 

OcO 

<a< 

%  *3t 

Oq.; 

o</>> 

^z< 

z  f 

^2- 
^>a  - 

UJ<1  > 

o  H< 


r 


■n 

c* 

S- 


101 


GENERAL  DYNAMICS 

C onvsir  Aorospsco  Division 

Fort  Worth  0  port  too 


102 


GENERAL  DYNAMICS 


INTERNAL  SPAR  CONCEPTS 
SKETCHES  610-200  THROUGH  610-221 


103 


104 


105 


£ 

UJ 

u 

i 


2 

g 

Q 

UJ 

Q 

C* 

I— 

C 


Cl 

lT) 


2 

UJ 


t  , 

„uj 

\n  > 

52 
el 

a  ^ 

Ex 

„e| 


a  Q 
a 


i  oj 


£<3  . 
P  uj  3 

^  rs^  ^ 

:^o-/! 


s 

z 

s 

!  s:  p: 
a  x  ^  u 

“  u  aj  -> 

£  ^  2  ^ 
uj  ,  n  —  Cj 

V  2  =  -J 

Sio 

t-  ^  K 


2 

a 

< 

2 

tL 

< 

S' 

H 

P 

_] 

< 

cu 

a 

s 

Ift 

rj 

UJ 

o 

z 

52 

£ - 
< 

MATERIAL 

ALDftM 

Q 

0 

w  < 

i* 

h 

u 


a 

(0 

£ 

£ 


2 

C 

1 

a 

aj 

as 


=*Z 
«  <x 
IL.  2 


<T> 


Hi 

z> 

7 

2 

ft 

Ul 

d 

3 

/d9 

a 

2i 

5| 
2  3 
32 

a  - 


4 


®3 

1  °m 
^  « 
2  S 
£  £ 
o  i 
fl5 


106 


107 


108 


109 


QKNBWAL  DWAMIC5 

Convmir  Aorospsco  Division 

Fort  Worth  Operation 


110 


Convoir  Aorospoco  Division 

Fori  Worth  Oporonon 


o 

<s> 


2  h* 

5  5 

JO  ^ 
UJ  « 

<L  ->  Ul 

o 

-J  -i 
v  -*  tli 
255  c, 
o-z? 

Ui  t  3 

—  o 

<J  ^  UJ 

°  $ 
ai  Z 

or  tS  u. 

o<*  it 

</) 

_J 

4 

^  UJ 

Lu  ^  h- 
~Z  *Z<A 

DC 

< 

a  a 

UJ 

±1  << 

a 

</> 

H  ai 

Z  t 
—  </) 

1  o 

Z<flUlS 

fl-tg 

l2oft 

CD 

2: 

5 

D 

5 

4 

OC9: 
-«  ^ 
a  o 
*n  ° 

yo.  a  </» 

5  o  a 

t  O  0  UJ 

UJ  C/>  O 

APPLICATION 

h- 

w» 

_J 

< 

UI 

0 

z 

$ 

TITLE 

V  <  u  z 
gcoor? 

U 

5 

UI 

1- 

I 

0 

3 

-J 

■  - 
dJ  c/I 
O  CO 

<  Of  ** 
CL  m 

2<«z 

O  V/ 
—  m  Jj 

a 
-=* 

>5>9 
O  z 

(3?  J< 

Z  .O  ' 

5  j  OD 

a  *>2^*3 
h  o  s'5 

^  — :  H* 

(0  Z  -J 

—  a  oj  3 

g  CL  ^  CD 

7 

8  •  • 


§ 


111 


GBN1RAL  DYNAMIC! 

ConvmrA&rospscw  Division 

_  r'wi  mrofih  0  pm  rat  ton 


112 


113 


114 


O' 

.  I 

o 

<s> 


_J 

<r 

H  UJ 

LU  |_ 

^-O 
CO  UJ 

■I 

DC 

</) 


> 

a  *> 

UJ 

-r  Ui 

0-1 

< 

Cf 

o  </> 

or 

<f)  ui 

or  co  h- 

<f  ^  ^ 

tU  Ui 

2=6  c* 

OJ 


I- 

Ui 


CL 

cn 

z 

Q 

t 

5 

v-» 

£ 

t 

UJ 

U 

z 

o 

u 


cl/ 


or 

o 

o  2 
3  2 

£5 

</)  — ) 


o 

z 

«<■ 

< 

5 

CD  O 

nt  ^ 

z 

*4 

g3 

D 

-l 

'Q'-j 

< 

</>  D 

>. 

cr  cd 

-J 

< 

UI 

o.  or 

Ui 

ft 

_j ' — 1 

g</> 

4 

2 

z 

/-  ii 

< 

z 

H 

n  or 

H- 

UJ 

o 

2  3 

B  3 

U1 

_J 

1 

Ot 

z 

* 

£  o 

UJ 

►- 

< 

O 

o 

< 

2 

UJ 

is* 
P5 
-*  o 

—  Q 
^  Z 

o° 

,  ^ 

H  3 
Z  H 
UJ 

gs 

S3 
t  S^j 

or  O  h 

Ui  Ct  LU 

a  a  3e: 


o' 


o' 

o' 

C9 


& 

o 

* 

* 

UJ 

r 


ui 

$ 

z 

cr 

ui 

s 

< 


115 


Convmir  Asrospscw  Division 

Fort  Worth  OpfMtott 


LU  — 

2  o 


cj  5 


ii 
J3 
%  S 

-I  u 
<n  ' 
2  £* 
cz  U 


2  fc 

Ui  — 

~  h: 
►—  cf> 


^  CU 

uj  fO 

o  F 


&J  ^ 

it 


^cn 
iA  cy 
—  lJ 

uJ  ? 


'O 

Z  lLI 
2  2 
£2 


'.I 

"  !*i 
"  l-5 

UJ 


S“2 

Sti 


ia 

u  ,- 
Z 

O  o 
u  r\ 


Q 
UJ  UJ 
G.  o 

II 

CO  ftQ 


ui 

cu 

K 

^  UJ 

<  u. 

<*  u. 

lO 

th 

CU 

£ 

in 

£ 

-J 

|oJ 

< 

Hr  t 

£ 

3£ 

z  QJ 

^  £ 

Ui 

o 

2  1— 

5  5 

l2 

z 

2 

O  — 

1 

< 

S  Q 
ta 

o 

s 

-J 

5 

UI 

u 

o 

c* 

u 


M  yP 

5  ,n 

S 


C\J 

^r 

£ 

2 


J 

5 

cH 

6 
Q 

5 


vn 

Q 

<X 

<0 


2 

a 

LLi 

DQ 

> 

c* 

u 

<t 

Uj 

iO 

UJ 

cC 

o 


UI 

o 

Ui 

"J 

UJ 

2 

2 

o 

=5 

Uj 

Q 

2 

<1 


P 

UJ 

& 

5 

a 


2 

Ui 

U 

Ll 

o 

a 


<z 

2 

a 

£ 

o 

h 


»n 

<T 

O 

UJ 

o 

a 

<a 


) 

lP 

UJ 


>  tp 
cu  Cw 
&  UJ 
<3  r* 
o  - 

-J 

VP  £  (£ 

s  g  s 

2  5 

£*  ui  2 

LJJ  p  -* 
2  3  * 
2  Q  i/1 

-  CS  M 


116 


117 


118 


119 


120 


121 


122 


(Xl 

M 


a 

UJ 

Q 


LU 

O 

uj  J1 

CL  & 
Lii 
OJ  2 
^uJ 
(njLJ- 

<C  tb 
CL  >-t 
/I  iP 


UJ 

“as 

sla 

Q 

^od 

<3  be  td 

IS* 

isfl 

^  rz  uj 

S  o  2 
tui% 

8*fca 

riU-s 


CJ 

2 
i n 


< 
z  2 

O  &Z 


h 

rO 

rsj 

QQ 

<30 

8 

3N 

5  ^ 

is 


o 


CM 

Q 


I 


* 

«*» 

Vj 


* 


123 


§ 

=! 


124 


Fort  Worth  Operation 


125 


FORWARD  AND  AFT  SPAR  CONCEPTS 
SKETCHES  610-300  THROUGH  308 


126 


o 

o 

fO 

i 

o 

C0 


D 

* 

UJ 

-J 

< 

<J 

-J 

UJ 

Li- 

o 

-J 

LL 

3  x 

& 

£  a 
o  o 

-J 

lU 

'ST 

<r 

o 

LL 

°  Z 

4i  -  <l> 
°  £  z 

cS 

u? 

LU 

H 

<fl 

X 

Of 

< 

-J  2  Ui 

<0  ^ 
ill  ± 

A 

D 

5 

a 

c/) 

cc 

O. 

or 

zgs- 

lt>3 

LX 

>  o 

►“  ill 

«< 

< 

P 

a 

C£ 

<3 

</>  j— 

5-  £  o  ^ 
^  ai  2 
u  ^  -i  or 
Joujh 

Z“j  z 
O^UI 
;:>£ 

z 

35 

o 

z 

$ 

CL 

ul—  ai 

=3 

"  c/) 

?“  -J 

£>  tii 
< 

5-J 

§ 

£ 

go  <ft<A 

I-* 

o 

mJ 

tv 

O 

> 

o 

a 

a 


a 

hi 

o 

z 

o 

o 

z 

<D 

O 

til 

D 

</> 

3 


Hi  LL 

30 
CP  H  <fl 

23S 

>  Ul 
OH< 

a  o  " 

a 

°3(i 
«f-D 
2«t- 

m  2  ° 

4J  uj  r» 
;c  c*  a 

-<  */>  in 


'  _> 
'•<r 


a 


or 

o 

or 

a 

Q 
a j 
Z 

3 

o 

«* 

* 

oa 

ax 

DO 

is 


O 

ai 

2 

a 

2 

i 

UJ 

:* 

< 

or 

(0 

or 

°2 

DO 

H 
<J 
U J 

4^ 


2 


127 


128 


129 


Fon  Worth  Opor ton 


130 


g 

6 


rs  \n 

2  a 

^  u 

cn 

.*D 

OJ 

t  2 

< 


o 

no 

L±J 

r> 

l/l 

Ui 

n: 

Q 

c 


3  [Q 


CQ  cJ 

St? 


J 

2  UJ 

<t  KJ 

£)  5 

d 

*-  *1 
ai  ^ 
ui  ifl 

Q 

$ 

uJ 

U 

Q 


S  Q 


W  Ch! 

sS 


2  k1 

&s< 

u-  u 

s;f 

O  ui 


CJ 

!3 

cr 

tx 

2 

in 

<X 

K 

Cl! 

h 

S 

CJ 

Ui 

o  ^ 

►=  Cj 

si 

o 

z 

s 

0  p 

ac  — 

UJ 

Q 

ic 

< 

is 

-J 

5 


3 

O 

\L 
i L 

Q 


3 


5  y 
.  *  2 
<?,s  a 


q  a 

K  * 

d  s 

£  * 
—  *si 


J 

<n 
UJ 

a 

i. 

s' 


J 

el 


g.i 


it 

ii 

8  s 

«  i 

3  i 

2  U. 


1 

<*: 


> 

«J 

2 

< 

Q  ^ 


131 


132 


in 

a 

< 

u 

O 

aJ 

2 

C' 

DO 

ui 


Q  >z 


P  2 

£  ^ 

u  £ 

Li  UI 

a! 

V 1  o 
*-  3 

n  ►- 
§ 
Q 


UJ 

*u 

u 

5 


Q  3 

£  U. 

§£ 

£ 

Ui 

zi 

o  ^ 
w  2 


5  S 

0  u 

K-  ^ 

Si  ^ 

i  § 


& 

c£ 

n 


u. 

< 

\ 

G> 

Ll 


,2 


yj  -J 


! 


2 

,  ^ 
?  uj 

c n 

ID 


C 

£  ^ 
^  Ji 


v" 

3 

r- 

<3 

a 

o 

<j 

Q 


Si 

•  tf 

q  t: 


OJ 

<J 

< 

»- 

2 

< 

O 
c 1 

S\ 


aJ 


fc 

i 


j 


c 

1 

a 

2 

2 


fi 

si 


<n 


llI 

o 

52 

LU 

CD 

a 

uJ 

un 

2 

o 

►- 

*c 

o 

§ 

5 


5 

<t 

Cl 

CW 

2 

/I 

£ 

CD 

2 

O 

2 

< 


ui 


OJ 

aJ 

3 

IT 

a 


2  2 

2  Ui 

<  u 


U 

t  ° 
5  »- 

u  /i 

a  2 

s a 

,  ^ 
ui 

If 


UJ 

rvi  ^  <  o 

in  0  2  <° 

—  N  «i  ▼ 


133 


Fort  Worth  Operation 


u 

§ 

o 

s* 

g 


2 

<c 

o 

o 

uj 

cv 


<r 

s 


t 

in 

a: 

o 


Cj 

c 

<n 


LL  Cfl 

^  u-1 

bZ  $ 

2: 

vP  Ld 

t— 

t  UJ 

-  a 


£ 

2^ 

"S0- 

Q  ^ 

ud  -J  £l3 
?  £  ^ 
&2  2 

5»g 

*i«t= 

w 

>  s 


z  IS  si 


C  * 


Is 

u 

£ 


5 

£  5  3  2 

^  1/1  O 

u  5  5 

^  U-  Q 


u 

< 

in 


u 

< 

i§ 

y  u. 

£ 

< 


5 

5 

£ 

K 

* 

5 

3 

i=i 

Is 


i 


a 

a  n 

a  5 
$* 

°i 

* 

5 


d  fi 

<  ? 

IL  in 


) 

S 

OJ 

o 

< 

►— 

5 

Q 

<1 

o 

5 


5 

* 

§ 


Ssj 

\ 

£ 

s 


a 

4 


cH- 

& 

Q 

K 


a 


r 

* 

1 


134 


135 


OBNeWAI.  DYNAMICS 


SPLICE/JOINT  CONCEPTS 
SKETCHES  610-400  THROUGH  610-405 


136 


137 


138 


o 

• J 

O 

(.0 


Cj 
I  * 


a  <9 

io  tz 
r< 

H- 

o°  ^ 
a  <r 

13  3  -* 

c/7 


J  ' 

«U  r 
2! 

-*  ^ 

a  r. 


</) 


2  O 

b 

5  Q 

g  II) 

fc£ 

if. 

8« 


o 

a  a) 

la 


U) 


OJ 


o  a 

h*  </> 


<n 

: z 
a 
</> 
z 

Li) 

h- 

c9 


22 

z 


z 

z> 

-J 

<1 

l/» 

5 


j 

(\  . 
07  £- 

C*  > 

OJ  j— 


o  a 


1 

5 

IX 

6 

z 

o 

u 


Si 

zoc> 

3)  S  r 

£ 

D  a  : 

t-  : 
lu  ^  ; 

U-  ?  - 
«rf  ^ 

</)  J~  € 


139 


140 


141 


142 


RIB/BULKHEAD  CONCEPTS 
SKETCHES  610-500  THROUGH  610-502 


143 


144 


145 


O' 

O 

m 

i 

o 

(0 


C£ 

LU 

CD 

lU 


<f) 

CO 

3 

a: 

H 

i 

$ 

cc 


i  a 

5  5 

S  c< 

E  C9 

*i 


<n 

U> 

Z 

tS 
2 
cc  P 

<  c/ 
CX  Ui 

;z 

og 

H*  a 
Q  c9 

^  H 
2  * 
»-  § 

U. 

<*  -rf 
Of  ill 

Ui 

I? 

m  u 


$ 

CC 

<D 

Z 


</> 

2 

z 

<f 


£ 

D 

Z 

£ 

3 


Of 

O  ui 

3s 

3* 

•~g 

K  ** 

a 

£  z> 

°  2 
</>  u_ 
c** 

Ui  O 
CD  ^ 
i  ui 

|  UJ  CD 

!*? 
I  <0  9 
«/*  ± 

!§5 


s 

-)  o  > 

k  o 

S  «f  ui  0. 

£  2?  0 

u» 

t5i 

S2k2 

ISlS* 

o  acx^ 
ahptfiS 
tZJ  •  ^ 
r_  ui  uj  ~ 

t  o  <  r{  h- 
S2^S< 

O  y-  ^  ^ 
O^«on^ 

o2q“[iII 

otSS^ii 

5“*E*3 

z  a  a  -) 

u>  £?  ^  a  5 

Cf  3  DC  <  u. 


S  O 

2  a 


146 


JOINING  (FASTENING)  CONCEPTS 
SKETCHES  610-600  AND  610-601 


\ 


147 


§ 


3 

el 


§ 


J 

!| 


4 


A 

,8* 
ilii 
0 


ft! 

Si 


i* 

gffc 


)>§l 

as* 


*A 

1 

i 


i 


> 


? 

1 

* 


148 


149 


FITTING  CONCEPTS 

SKETCHES  610-700  THROUGH  610-705 


150 


151 


152 


153 


154 


155 


G1N1RAL  PYNAI 

Cony  sir  Ammtpmcm  Do* 

Fort  Worth  Operation 


s 


i'J 

Uj 

’.n 

♦ 

Q 

LU 

I— 

*  O 

t  ^ 

t  IV 

u. 


GO 


to 

Q 

LU 

2 

3 

Ln 


O 

2 

»vl 

<5 

c* 

O 


U 

Q 


a 

jj 

1 1  *=- 


Q 

2 

Q 

CO 


K 


<1 

5  i 

i  h 

K 

r  cw 
^  o 

c  2 


E  O 

s  a 


S 

M 


i 

£ 

tw  < 
3  o 
Q  ►- 


i  }< 

'3 


< 

£  _ 

8  |  3 

§is 


s/ 

UJ 


a  i 

S  o 
a  * 

ai  < 

L.  uJ 

k 

d  <* 
a 


v/» 


rj 

Q 

K 

s 

ki 

c 

fe 

Q 


Q 

< 


<M 


£ 

3 

3 

V 

■M* 

/]  a 

a  - 


sc 

t  d 

I? 

<  ^ 
5  Q 


4 

S3 

o4 
& 
o 

1 


§1 


156 


APPENDIX  II 


CROSS  SECTION  DRAWINGS 


II. 1  SUMMARY 

During  the  second  step  of  the  Concept  Formulation  Phase, 
fifty-one  (51)  cross-section  drawings  were  completed  plus  two 
(2)  baseline  drawings  at  C.S.S.  140.0  and  C.S.S.  340.0.  These 
cross-section  concepts  were  based  on  element  concepts  generated 
during  the  first  step  of  this  Phase.  The  element  concepts  are 
described  in  Appendix  I;  Phase  Summary,  Element  Concept 
Sketches . 

Evaluation  of  these  fifty-three  (53)  cross-section 
drawings  was  based  on  a  numerical  Rating  System.  Details  of 
the  rating  system  and  description  of  how  the  numerical  values 
were  generated  are  discussed  in  this  report.  A  summary  of  the 
evaluations  is  shown  in  Table  IX  and  Table  XI. 

II. 2  EVALUATION  AND  RANKING  OF  CONCEPTS 

An  important  part  of  the  design  methodology  being  used 
in  this  program  is  the  evaluation  and  ranking  of  design  con¬ 
cepts  via  a  formal  rating  system.  The  objective  of  the  rating 
system  is  to  minimize  personnel  opinion  and  to  ensure  that 
each  area  of  responsibility  has  an  opportunity  to  influence 
the  design  configuration  chosen  for  the  production  effort. 

The  rating  system,  and  its  use  in  evaluating  and  ranking 
the  cross-section  drawings  evolved  during  the  second  portion 
of  the  Concept  Formulation  phase  of  the  design  approach  are 
discussed  in  this  report. 

II. 2.1  Discussion  of  the  Rating  System 

The  basic  elements  of  the  Rating  System  are  shown  in 
Table  IX.  The  approach  used  to  implement  this  system  is  dis¬ 
cussed  in  the  following  paragraphs. 

II. 2. 1.1  Structural  Efficiency  (30%) 

Two  parameters  are  used  to  evaluate  the  structural 
efficiency  of  a  concept;  cost  and  weight.  Both  received 
equal  weight  in  the  evaluation.  Use  of  these  parameters  is 
discussed  below: 

Cost  -  Cost  was  computed  for  a  1.0  inch  span  of  a  wing 
cross-section  of  each  concept  by  estimating  and 
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CROSS-SECTION  CONCEPTS  C.S.S.  140.0  EVALUATION  SUMMARY  (REVISED  RATING 
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summing  the  material  cost,  the  tooling  cost  and 
the  fabrication  and  assembly  cost.  Cost  data 
was  developed  by  Value  Engineering  using  inputs 
from  Industrial  Engineering  and  Materials 
Estimating  Department.  The  cost  score  recorded 
in  the  Concept  Evaluation  Summary  is : 

Cost  Score  ■  Cost  of  lowest  cost  concept  X  (.15) 

Cost  of  concept  (being  scored) 

This  results  in  the  lowest  cost  concept  having  a  maximum 
weighted  score  of  .15. 

Weight  -  Weight  was  computed  for  a  1.0  inch  span  of 
a  wing  cross-section  of  each  concept  which 
had  been  sized  to  the  controlling  criteria 
of  either  critical  static  loads,  fatigue  or 
damage  tolerance  criteria.  The  weight  score 
recorded  in  the  Concept  Evaluation  Summary  is: 

Weight  Score  =  Weight  of  lightest  concept  X.15 

Weight  of  concept  being  scored 

This  results  in  the  lightest  concept  having  a  maximum 
weighted  score  of  .15. 

II. 2. 1.2  Technology  Advancement  (30%) 

The  weighted  technology  advancement  score  is  made  up  of 
the  sum  of  weighted  scores  from  Concepts,  Manufacturing 
Technology,  Materials  Technology  and  Fracture  Technology. 

The  weighted  scores  for  each  of  the  four  technology  advance¬ 
ment  parameters  is  defined  below: 

Concept  Technology 

The  weighted  concept  technology  score  was  computed  for 
each  concept  by  counting  the  number  of  innovations  embodied 
in  each  concept  and  rationing  the  scores  such  that  the 
highest  ranking  score  equals  .09.  An  example  of  the  work 
sheet  for  computing  Concept  Technology  Advancement  Score  is 
shown  in  Figure  1. 
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Concept 

No. 

Innovative  Features 

No.  of 
Features 

% 

Score 

Weighted 

Score 

610R014 

1.  Full  depth  "wet"  cell 
core  concept . 

2.  Elimination  of  lower 
skin  fasteners. 

3.  Large  cell  core  concept. 

4.  Laminated  lower  skin. 

5.  Planked  lower  skin. 

6.  Core  corrugation  des. 

6 

100 

.09 

610R018 

1.  Welded  Y-tee  skin 
panel  design 

2.  Elimination  of  lower 
skin  fasteners 

2 

33 

.03 

Figure  1  Concept  Technology  Advancement 
Sample  Score  Sheet 

Manufacturing  Technology 

The  weighted  score  for  manufacturing  technology  is  com¬ 
puted  by  scoring  the  concept  from  0%  to  100%  on  the  degree  to 
which  it  will  advance  manufacturing  technology  and  multiplying 
the  percent  value  by  .09.  The  work  sheets  used  to  arrive  at 
these  evaluations  are  shown  in  Appendix  A. 

Material  Technology 

The  weighted  score  for  material  technology  was  determined 
as  follows : 

a.  Determine  the  number  of  new  materials  such  as 
8-8-2 -3  titanium  and  new  processes  such  as  low 
temp  braze  in  each  concept. 

b.  Assign  a  percent  score  of  100  to  the  highest 
scored  concepts. 

c.  Multiply  the  percent  score  of  each  concept  by  .09. 

Fracture  Mechanics  Technology 

The  weighted  score  for  fracture  technology  is  based  on 
the  degree  to  which  fracture  mechanics  technology  would  be 
advanced  if  the  concept  being  evaluated  is  pursued  to  operational 
hardware  status.  The  lower  surface  wing  structure  only  is 
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considered.  The  example  of  Fracture  Technology  Work  Sheet 
shown  in  Figure  2  below  shows  how  the  weighted  score  was 
computed. 


Concept 

No. 

Plain 

Stress 

(20) 

Complex 

Stress 

Field 

(20) 

Load 

Shedding 

(20) 

Crack 

Arrest 

(20) 

Matl 
Devel. 
Req  'd 
(20) 

Percent 

Score 

Weighted 

Score 

(.03) 

610R000 

X 

20 

X 

X 

20 

40 

.012 

610R002 

20 

X 

20 

20 

20 

80 

.024 

610R010^. 

^ _ 20 

20 

20 

^20 

20 

100 

.030 

Figure  2  Fracture  Mechanics  Technology 
Advancement  Sample  Score  Sheet 


II. 2. 1.3  Structural  Integrity 

The  structural  parameters  assessed  during  this 
portion  of  the  rating  system  were  static  strength,  fatigue 
quality,  safe  crack  growth,  and  fail  safe  characteristics. 

Static  Strength 

The  "static"  integrity  &  reliability  is  based  on 
static  margin.  Thus,  a  structure  that  is  sized  by  fatigue 
or  crack  propagation  criteria  will  have  excess  static 
strength.  The  degree  of  excess  static  strength  is  the  ratio 
of  static  strength  available  to  static  strength  required. 

If  the  structure  is  critical  for  static  loads  this  ratio  is 
unity.  In  comparing  the  many  candidate  concepts  the  first 
step  is  to  calculate  the  static  strength  ratio  for  each 
concept.  The  next  step  is  to  normalize  all  values  based  on 
that  concept  which  shows  the  highest  static  strength  ratio. 

A  final  weighted  value  is  then  determined  for  each  concept 
by  multiplying  its  normalized  static  strength  ratio  by  .03 
(since  .30  x  .10  -  .03). 
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Fatigue  Quality 


To  compare  the  fatigue  quality  characteristics  of  the 
various  design  concepts  the  ratio,  CF,  is  first  calculated 
for  each  concept  where: 

*  maximum  allowable  stress  based  on 
fatigue  considerations 

=  maximum  static  stress  in  the  wing 
cross-section 

The  allowable  fatigue  stress  reflects  the  F-111F 
service  loads  spectrum,  the  type  of  material  and  the  maximum 
stress  concentration  factor,  K~,.  Since  the  wing  bending 
loads  at  wing  center  spar  station  140  are  substantial,  the 
maximum  static  stress  in  the  wing  cross-section  corresponds 
to  the  material  tension  ultimate.  To  facilitate  the  rapid 
determination  of  Cp  for  each  concept  a  plot  of  Cp  versus  Kj« 
has  been  constructed  as  shown  in  Figure  3  for  the 
materials  being  considered  for  the  wing  lower  surface.  It 
can  be  seen  that  the  maximum  value  of  Cp  (Cp  -  1.63)  occurs 
in  designs  utilizing  annealed  6AL-4V  titanium  without  stress 
concentrations  (Kx  “  1.0).  Cp  for  each  concept  is  then 
normalized  on  the  basis  of  the  maximum  value  of  Cp  resulting 
in  values  of  Cf  “  Cp  . 

T763 

The  preceeding  paragraph  describes  the  manner  in 
which  the  apparent  stress  concentrations  (Kx)  in  each  design 
concept  has  been  accounted  for  in  the  fatigue  quality 
comparisons.  However,  in  addition  to  the  apparent  stress 
concentrations  certain  designs  have  sources  of  potential 
stress  concentrations  which  might  very  well  exceed  the 
apparent  Kx  values.  For  example,  lower  surface  holes  with 
a  readily  assignable  Kx  ■  3. A  (for  carefully  prepared  tapered 
fasteners)  were  considered  to  be  sources  of  potential  addi¬ 
tional  stress  concentration  because  of  possible  sharp 
scratches  during  bolt  installation.  In  addition,  chordwise 
changes  of  thickness  were  considered  to  be  potential  sources 
of  stress  concentration  due  to  machining  defects  that  might 
occur.  Spanwise  welds  were  also  considered  in  a  similar 
fashion.  A  count  of  all  such  sources  of  potential  Kj 
increases  was  conducted  for  each  design  concept  and  a  two 
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Figure  3  -  Fatigue  Capability  vs  Stress  Concentration 
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percent  reduction  in  Cp  was  taken  for  each  possible  source 
of  trouble.  The  relative  fatigue  rating  for  each  concept  is 
then  expressed  as  follows: 

R  =  Cp  -  .02n  Where:  n  -  number  of  potential 

"Y763  defects 

The  final  weighed  value  of  fatigue  quality  for  each 
concept  was  then  obtained  by  multiplying  R  by  .09  (.30  x  .30). 

Safe  Crack 


"Safe  crack"  is  interpreted  as  referring  to  the 
maximum  stress  in  the  fatigue  stress  spectrum  consistent 
with  stable  crack  growth.  Each  design  concept  is  analyzed 
for  cracks  starting  at  both  surface  flaws  and  at  holes 
(unless  the  concept  is  free  of  holes) .  There  are  four 
damage  tolerance  categories : 


FS  *  fail-safe,  hole-free  structure 

FSH  *  fail-safe  structure  with  holes 

SCG  =  slow  crack  growth  (not  fail-safe)  structure 

SCGH  =*  slow  crack  growth  structure  with  holes 

The  critical  crack  growth  stress  level,  Fcr,  is 
controlled  by  the  damage  tolerance  category  and  the  type  of 
material  in  accordance  with  MIL-STD- 1530 .  The  ratio  of  the 
critical  crack  growth  stress  to  the  maximum  static  tension 
stress  is  considered  a  measure  of  excess  damage  tolerance 
capability.  The  ratios  are  then  divided  by  the  maximum 
such  ratio  and  multiplied  by  .06  (.30  x  .20)  to  obtain  the 
final  weighted  values. 


Multiple  Load  Path 

The  "Multiple  Load  Path"  category  is  considered 
synonymous  with  fail-safe  capability.  For  each  cross-section 
design  concept,  a  count  has  been  made  of  the  maximum  number 
of  individual  structural  elements  that  could  be  failed  without 
impairing  load  capability.  By  dividing  all  such  counts  by 
the  highest  (nine),  all  values  are  converted  to  a  unit  scale. 
The  weighted  values  are  then  obtained  by  multiplying  the 
normalized  counts  by  .12  (.4  x  .3). 
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II. 2. 1.4  Abilities 


The  weighted  "abilities"  socre  is  made  up  of  the  sum  of 
weighted  scores  from  inspectability ,  manufacturability,  main¬ 
tainability,  repairability,  and  predictability.  Each  "ability" 
for  each  concept  was  first  scored  on  a  percentage  basis  from 
o  to  100%.  The  percentage  scores  were  then  multiplied  by  the 
appropriate  weighting  factor  specified  in  Table  IX. 

II. 2. 2  Evaluation  of  Concept 

During  the  Cross-Section  portion  of  the  Concept  Formu¬ 
lation  Phase  of  this  program,  fifty-one  (51)  new  cross-section 
drawings  and  two  (2)  baseline  cross-section  drawings  were 
prepared.  These  are  included  in  Section  II. 3  for  reference. 
Evaluation  of  these  is  discussed  below  and  is  summarized  in 
Tables  X  and  XI. 

11. 2. 2.1  Structural  Efficiency 

Evaluation  of  weight  and  cost  are  included  in  Tables  X 
and  XI  for  each  cross-section  drawing.  The  weight  based  on 
static  strength  is  shown  in  parenthesis  in  the  upper  left 
hand  corner  of  the  "weight"  block.  The  final  weight  is  shown 
in  the  upper  right  hand  corner.  In  the  lower  left  hand  corner 
is  the  damage  tolerance  category  of  the  concept.  The  initials 
are  discussed  in  paragraph  II. 2. 1.3  above. 

In  the  "cost"  block  of  each  concept  is  the  dollar  value 
of  a  one  inch  span  os  a  wing  cross-section  prepared  by  Value 
Engineering.  Also  shown  is  the  score  for  that  cost. 

11. 2. 2. 2  Technology  Advancement 

To  assist  in  the  evaluation  of  Technology  Advancement, 
a  chart  was  prepared  to  record  the  results  in  each  area. 

The  charts  for  C.S.S.  140  concepts  is  shown  in  Table  XII  and 
C.S.S.  340  concepts  in  Table  XIII.  The  total  score  is  shown 
in  the  Evaluation  Summary,  Table  X  and  XI. 

11. 2. 2. 3  Structural  Integrity 

Charts  were  also  prepared  to  organize  the  results  of 
this  evaluation.  Table  XIV  is  the  chart  for  C.S.S.  140 
concepts,  while  Table  XV  is  for  C.S.S.  340  concepts.  Again, 
the  total  score  is  shown  in  Table  X  and  XI. 
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II. 2. 2. 4  Abilities 


The  charts  for  collecting  the  results  of  evaluation  of 
"Abilities"  are  shown  in  Table  XVI  and  Table  XVII,  with  the 
totals  tabulated  in  Table  X  and  XI.  Since  "Inspectability" 
accounted  for  one-half  of  the  rating,  a  separate  chart  was 
prepared  by  the  NDI  specialists  on  the  program.  This  insured 
that  both  production  inspection  and  field  level  inspection  was 
considered. 

All  of  the  cross-section  concepts  were  re-evaluated  to 
assign  a  finite  inspectability  rating  for  each  structure. 

The  ratings  were  determined  by  comparing  the  inspectability 
of  each  design  configuration  with  the  relative  inspectability 
of  the  baseline  configuration. 

Each  configuration  has  been  given  three  ratings;  a  manu¬ 
facturing  inspectability,  a  field  inspectability  and  an  over¬ 
all  inspectability.  The  manufacturing  inspectability  rating 
defines  the  relative  inspectability  of  each  concept  in  the 
factory  during  fabrication.  The  field  inspectability  rating 
is  a  measure  of  the  efficiency  of  inspecting  the  assemblies 
after  installation  in  the  aircraft.  The  overall  rating  is  a 
weighted  average  of  the  other  two.  The  three  ratings  are 
necessary  to  explain  the  differences  in  inspectability  at 
each  stage  in  the  fabrication  and  life  of  the  assembly.  The 
results  of  this  study  are  shown  in  Table  XVIII. 
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Table  XII 


CROSS  SECTION  CONCEPTS 
EVALUATION  WORK  SHEET 


C.  Spar  Sta:  140.0 


Concept 

No. 

TECHNOLOGY 

ADVANCEMENT  (. 

.30) 

TOTAL 

(.30) 

Concept 

Tech. 

Advance  (.09) 

Manufact 

Tech. 

Advance  (.09) 

Materials 

Tech. 

\dvance  (.09) 

Fract 

Mech  (.03) 
Tech  Advance 

610R000 

16.7 

0 

0 

40 

Baseline 

.015 

0 

0 

.012 

.027 

610R001 

OBSOLETE  -  REITERATED 

610R002 

100 

79 

60 

80 

.090 

.071 

.054 

.024 

.239 

610R003 

50 

63 

20 

80 

.045 

.057 

.018 

.024 

.144 

610R004 

OBSOLETE  -  RE] 

[TERATED 

610R005 

OBSOLETE  -  REITERATED 

610R006 

OBSOLETE  -  REITERATED 

610R007 

66.7 

100 

60 

40 

.061 

.09 

.054 

.012 

.217 

610R008 

OBSOLETE  -  RE! 

[TERATED 

610R009 

66.7 

91 

80 

80 

.061 

.082 

.072 

.024 

.239 

610R010 

67 

60 

100 

.045 

.060 

.054 

.030 

.189 

610R011 

50 

33 

40 

100 

.045 

.030 

.036 

.030 

.141 

610R012 

DISCONTINUED 

610R013 

83.3 

29 

40 

100 

.075 

.026 

.036 

.030 

.167 

610R014 

100 

100 

80 

80 

.090 

.09 

.072 

.024 

.276 

610R015 

50 

50 

20 

100 

.045 

.045 

.018 

.030 

.138 
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Table  XII  (CONT'D) 
CROSS  SECTION  CONCEPTS 

EVALUATION  WORK  SHEET 


C.  Spar  Sta:  140.0 


Concept 

No 

TECHNOLOGY 

ADVANCEMENT  (. 

30) 

TOTAL 

(.30) 

Concept 

Tech . 

Advance  (.09) 

Manufact 

Tech. 

Advance  (.09) 

Materials 
Tech . 

Advance  (.09) 

Fract 

Mech  (.03) 
Tech  Advance 

610R0I6 

16.7 

25 

40 

60 

.015 

.023 

.036 

.018 

.092 

610R017 

66.7 

67 

0 

60 

.060 

.060 

0 

.018 

.138 

6I0R0I8 

33.3 

83 

20 

40 

.030 

.075 

.018 

.012 

.135 

610R019 

50 

67 

“50“ 

80 

-1 

.045 

.060 

.054 

.024 

.183 

610R019 

50 

50 

40 

80 

-2 

.045 

.045 

.036 

.024 

.  150 

610R020 

50 

92 

0 

60 

.045 

.083 

0 

.018 

.146 

6I0R021-L 

33  .030 

71  .064 

20  .018 

60  .018 

.130 

-2 

33  .030 

71  .064 

20  .018 

60  .018 

.130 

610R022 

66.7 

50 

20 

80 

-1 

.060 

.045 

.018 

.024 

.147 

610R022 

66.7 

50 

60 

80 

-2 

.060 

.045 

.054 

.024 

.183 

610R023 

50 

67 

0 

40 

-1 

.045 

.060 

0 

.012 

.117 

6I0R023 

50 

67 

10 

40 

-2 

.045 

.060 

.009 

.012 

.126 

610R024 

83.3 

92 

100 

100 

.075 

.083 

.09 

.030 

.278 

610R025 

50 

33 

40 

80 

.045 

.030 

.036 

.024 

.135 

610R026 

50 

29 

40 

100 

.045 

.026 

.036 

.030 

.137 

610R027 

50 

25 

60 

80 

.045 

.023 

.054 

.024 

.146 

610R028 

83.3 

25 

40 

80 

_ .075 

.023 

.036 

.024 

.158 
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Table  XII  (CONT'D) 
CROSS  SECTION  CONCEPTS 
EVALUATION  WORK  SHEET 


C.  Spar  Sta : 


Concept 

No. 

TECHNOLOGY 

ADVANCEMENT  (.30) 

TOTAL 

(.30) 

Concept 

Tech. 

Advance  (.09) 

Manufact 

Tech. 

Advance  (.09) 

Materials 

Tech. 

Advance  (.09) 

Fract 

Mech  (.03) 
Tech  Advance 

610R029 

83.3 

42 

40 

100 

.075 

.038 

.036 

.03 

.179 

610R030 

50 

37 

40 

80 

.045 

.033 

.036 

.024 

.138 

610R031 

83.3 

62 

80 

80 

.075 

.056 

.072 

.024 

.227 
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Table  XIII 


CROSS  SECTION  CONCEPTS 
EVALUATION  WORK  SHEET 

C.  Spar  Sta:  340.0 


Concept 

No. 

TECHNOLOGY  ADVANCEMENT  (.30) 

TOTAL 

(.30) 

Concept 

Tech. 

Advance  (.09) 

Manufact 

Tech. 

Advance  (.09) 

Materials 
Tech.  (.09) 
Advance 

Fract 

Mech  (.03) 
Tech  Advance 

610R100 

.072 

.034 

.023 

.024 

.153 

610R101 

.054 

.090 

.090 

.012 

.246 

610R102 

.090 

.045 

.023 

.024 

.182 

610R103 

.072 

.071 

.045 

.024 

.212 

610R104 

BASELINE 

.018 

.023 

0 

.012 

.053 

610R105 

.072 

.030 

.045 

.030 

.177 

610R106 

OUT 

610R107 

.090 

.045 

.090 

.024 

.249 

610R108 

.072 

.090 

.067 

.012 

.241 

610R109 

.036 

.030 

.023 

.018 

.107 

610R110 

.036 

.008 

.023 

.030 

.097 

610R111 

.054 

.053 

.023 

.018 

.148 

6L0R112 

0 

.023 

.023 

.018 

.064 

610R113 

.036 

.037 

.000 

.018 

.091 

610R114 

.054 

.083 

.023 

.030 

.190 

610R115- 1 
-2 

.036 

.036 

.030 

.038 

.023 

.023 

.018 

.018 

.107 

.115 

610R116 

.018 

.034 

.045 

.024 

.121 

610R117 

.072 

.023 

.045 

.018 

.158 

610R118 

.054 

.026 

.045 

.030 

.155 

610R119 

.072 

.010 

.045 

.024 

.151 

610R120 

.054 

.041 

.045 

.024 

.164 
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Table  XIV 

CROSS  SECTION  CONCEPTS 
EVALUATION  WORK  SHEET 


C.  Spar  Sta:  140.0 


Concept 

No. 

Structural  Integrity  (.30) 

Static 

(.03) 

Fatigue 

Quality 

(.09) 

Safe 

Crack  Growth 
(.06) 

Fail  Safe 
Char . 
(.12) 

TOTALS 

(.30) 

610R000 

Baseline 

• 

.031 

.041 

.026 

.013 

.111 

610R001 

OBSOLETE  -  REITERATED 

610R002 

.018 

.071 

.048 

.080 

.217 

610R003 

.018 

.059 

.037 

.054 

.168 

610R004 

OBSOLETE  -  REITERATED 

610R005 

OBSOLETE  -  REITERATED 

610R006 

OBSOLETE  -  REITERATED 

610R007 

.030 

.071 

.026 

.013 

.140 

610R008 

OBSOLETE  -  REITERATED 

610R009 

.018 

.069 

.048 

.067 

.202 

610R010 

.018 

.061 

.025 

.040 

.144 

610R011 

.018 

.069 

.048 

.040 

.175 

610R012 

DISCONTINUED 

610R013 

.018 

.064 

.048 

.120 

.250 
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Table  XIV  (CONT'D) 


CROSS  SECTION  CONCEPTS 
EVALUATION  WORK  SHEET 


C.  Spar  Sta:  140.0 


Concept 

No. 

Structural  Integrity  (.30) 

Static 

(.03) 

Fatigue 

Quality 

(.09) 

Safe 

Crack  Growth 
(.06) 

Fail  Safe 
Char . 
(.12) 

TOTALS 

(.30) 

610R014 

.018 

.069 

.048 

.040 

.175 

610R015 

.018 

.066 

.060 

.067 

.211 

610R016 

.019 

.074 

.042 

.013 

.148 

610R017 

.022 

.085 

.035 

.013 

.155 

610R018 

.030 

.067 

.026 

.013 

.136 

610R019 

-1 

.018 

.069 

.048 

.040 

.175 

610R020 

.023 

.085 

.035 

.013 

.156 

610R021  -1 

-2 

.030 

.023 

.069 

.088 

.026 

.035 

.013 

.013 

.138 

.159 

610R022 

-I 

.018 

.090 

.060 

.  068 

TZ7E 

S10R022 

-2 

.018 

.071 

.048 

.080 

.217 

6I0R023 

-1 

.022 

.086 

.035 

.013 

.156 

610R023 

-2 

.030 

.067 

.026 

.013 

.136 

610R024 

.030 

.067 

.048 

.040 

.185 

610R025 

.018 

.066 

.048 

.080 

.212 

610R019-2 

.018 

.064 

.048 

.040 

TT7TJ 
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Table  XIV  (UONT'D) 
CROSS  SECTION  CONCEPTS 
EVALUATION  WORK  SHEET 


C.  Spar  Sta:  140.0 


Concept 

No. 

Structural  Integrity  (.30) 

Static 

(.03) 

Fatigue 

Quality 

(.09) 

Safe 

Crack  Growth 
(.06) 

Fail  Safe 
Char . 

(.12) 

TOTALS 

(.30) 

610R026 

.018  1 

.062 

.048 

.067 

.196 

610R027 

.018 

.071 

.048 

.054 

.191 

610R028 

.018 

.064 

.048 

.054 

.184 

610R029 

.018 

.064 

.048 

.120 

.250 

6I0R030 

.023 

.062 

.048 

.039 

.172 

610R031 

.018 

.071 

|  .048 

.054 

.191 
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Table  XV 

CROSS  SECTION  CONCEPT 
EVALUATION  WORK  SHEET 


C.  Spar  Sta:  340.0 


Structural  Integrity 

Concept 

No. 

Fatigue 

Quality 

(.09) 

Safe 

Crack  Growth 
(.06) 

Fail  Safe 

Char. 

(.12) 

Static 

(.03) 

TOTALS 

.30 

610RI00 

.0099 

.0148 

.066 

.0074 

.098 

610R101 

.0566 

.0238 

0 

.0119 

.092 

610R102 

.0189 

.0200 

.120 

.009 

.168 

6I0RIO3 

.0333 

.026 

.066 

.0131 

.138 

610R104 

BASELINE 

.114 

.063 

.013 

.031 

.221 

6I0R105 

.0207 

.0192 

.0935 

.009 

.142 

610R106 

OUT 

610RI07 

.0342 

.0150 

.066 

.0075 

.123 

610RI08 

.088 

.0376 

0 

.0188 

.144 

6L0R109 

.0855 

.0583 

.0264 

.0294 

.200 

610RLI0 

.0845 

.060 

.066 

.03 

.240 

6I0R1I1 

.0845 

.060 

.0132 

.03 

.188 

6I0R112 

.0243 

.0274 

.0132 

.0121 

.077 

6I0R113 

.0675 

.0467 

.0132 

.0234 

.151 

610R1I4-1 

-2 

.0162 

.0657 

.0243 

.0467 

.0396 

.0396 

.00922 

.0234 

!  .089 

.175 

6I0R115-1 

-2 

.0252 

.0830 

.0257 

.057 

.0132 

.0132 

.0112 

.0285 

.083 

.182 

610R116 

.0243 

.0273 

.0396 

.0121 

.103 
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C.  Spar  Sta:  340.0 


Table  XV  (CONT'D) 
CROSS  SECTION  CONCEPT 

EVALUATION  WORK  SHEET 
(CONT'D) 


Concept 

No. 

Structural  Integrity 

Fatigue 

Quality 

(.09) 

Safe 

Crack  Growth 
(.06) 

Fail  Safe 
Char. 

(.12) 

Static 

(.03) 

TOTALS 

.30 

6I0R117 

.0252 

.0214 

.066 

.0108 

.123 

610R118 

.0153 

.0303 

.066 

.0082 

.120 

610R119 

.0387 

.0303 

.080 

.0152 

.164 

610R120 

.0368 

.0303 

.080 

.0152 

.162 
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Table  XVI 

CROSS  SECTION  CONCEPTS 
EVALUATION  WORK  SHEET 


C.  Spar  Sta:  140.0 


Concept 

Abilities 

(.10)  , 

No. 

Inspect . 
(.05) 

Manuf . 
(.02) 

Maintain. 

(.01) 

Repair 

(.01) 

Predict 

(.01) 

Tot . 

(.10) 

610R000 

Baseline 

.050 

.020 

.010 

.007 

.007 

.094 

610R001 

OBSOLETE  -  REITERATED 

610R002 

.038 

.007 

.005 

.007 

.003 

.060 

610R003 

.036 

.009 

.007 

.007 

.010 

.069 

610R004 

OBSOLETE  -  REITERATED 

610R005 

OBSOLETE  -  REITERATED 

6I0R006 

OBSOLETE  -  REITERATED 

610R07 

.005 

.003 

.005 

.005 

.008 

.026 

610R008 

OBSOLETE -REITERATE] 

610R009 

.025 

.004 

.005 

.007 

.006 

.047 

610R010 

.027 

.007 

.007 

.008 

.004 

.053 

6  LORO 11 

.038 

.010 

.007 

.008 

.005 

.068 

610R012 

DISCON 

ITINUED 

610R013 

.039 

.013 

.005 

.008 

.007 

.072 

610R014 

.005 

.004 

.007 

.006 

.009 

.031 

610R015 

.020 

.003 

.007 

.004 

.000 

.034 
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Table  XVI  (CONT'D) 
CROSS  SECTION  CONCEPTS 
EVALUATION  WORK  SHEET 


C.  Spar  Sta:  140.0 


Concept 

No. 

Abilities  (.10) 

Inspect . 
(.05) 

Manuf . 
(.02) 

Maintain. 

(.01) 

Repair 

(.01) 

Predict . 

(.01) 

Tot. 

(.10) 

610R016 

.046 

.020 

.007 

.007 

.008 

.088 

610R017 

.035 

.003 

.005 

.008 

.003 

.054 

610R018 

.034 

.007 

.008 

.007 

.001 

.057 

610R019 

-1 

.027 

.004 

.007 

.007 

.003 

.048 

610R019 

-2 

.027 

.008 

.005 

.007 

.003 

.050 

610R020 

.030 

.010 

.007 

.007 

.002 

.056 

610R021-1 

-2 

.035 

.035 

.008 

.008 

.008 

.008 

.007 

.007 

.002 

.002 

.060 

.060 

610R022 

-1 

.035 

.009 

.005 

.008 

.006 

.063 

610R022 

-2 

.035 

.009 

.005 

.008 

.006 

.063 

610R023 

-1 

.035 

.012 

.008 

.007 

.001 

.063 

610R023 

-2 

.035 

.012 

.008 

.007 

.001 

.063 

610R024 

.032 

.011 

.005 

.007 

.005 

.060 

610R025 

.039 

.017 

.005 

.009 

.006 

.076 

610R026 

.039 

.008 

.003 

.007 

.005 

.062 

610R027 

.039 

.010 

.005 

.010 

.005 

.069 

610R028 

.041 

.011 

.005 

.008 

.005 

.070 
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Table  XVI  (CONT'D) 
CROSS  SECTION  CONCEPTS 
EVALUATION  WORK  SHEET 


C.  Spar  Sta:  140.0 


Concept 

No. 

Abilitie 

(.10) 

Inspect . 
(.05) 

Manuf . 
(.02) 

Maintain . 
(.01) 

Repair 

(.01) 

Predict 

(.01) 

Tot . 

(.10) 

610R029 

.038 

.013 

.005 

.007 

.007 

.070 

610R030 

.040 

.010 

.003 

.008 

.004 

.065 

610R031 

.038 

.006 

.005 

.008 

.001 

.058 
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Table  XVII 

CROSS  SECTION  CONCEPTS 
C.  Spar  Sta:  340.0  EVALUATION  WORK  SHEET 


Concept 

No. 

Abilities  (.10) 

Inspect . 

(.05) 

Manuf . 

(.02) 

Maintain 

(.01) 

Repair 

(.01) 

Predict . 
(.01) 

TOTAL 

(.10) 

610R100 

.033 

.010 

.003 

.006 

.002 

.054 

610R101 

.005 

.001 

.003 

.005 

.008 

.022 

610R102 

.003 

.004 

.002 

.008 

.009 

.026 

610R103 

.020 

.004 

.005 

.008 

.001 

.038 

610R104 

BASELINE 

.050 

.020 

.010 

.008 

.007 

.095 

610R105 

.033 

.008 

.003 

.006 

.005 

.055 

610R106 

OUT 

610R107 

.027 

.005 

.005 

.008 

.002 

.047 

610R108 

.005 

.004 

.005 

.006 

.009 

.029 

610R109 

.043 

.016 

.005 

.008 

.005 

.077 

610R110 

.035 

.003 

.003 

.008 

.003 

.052 

610R111 

.036 

.005 

.003 

.008 

0 

.052 

610R112 

.050 

.020 

.005 

.008 

.007 

.090 

610R1I3 

.036 

.013 

.007 

.008 

.004 

.068 

610R114 

.033 

.004 

.003 

.008 

.005 

.053 

610R115 

.043 

.043 

.013 

.007 

.005 

.005 

.008 

.008 

.008 

.004 

.077 

.067 

610R116 

.039 

.013 

.003 

.009 

.006 

.070 

610R117 

.035 

.013 

.003 

.010 

.001 

.062 

610R118 

.035 

.008 

.003 

.007 

.006 

.059 

610R119 

.039 

.018 

.005 

.009 

.010 

.081 

610R120 

.033 

.011 

.005 

.007 

.006 

.062 
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Table  XVIII 


CROSS  SECTION  CONCEPTS 
EVALUATION^  WORKSHEET 


DRAWING  NO. 

MANUFACTURING 

INSPECTABILITY 

FIELD 

INSPECTABILITY 

OVERALL 

INSPECTABILITY 

610R000 

Baseline 

100 

100 

100 

610R002 

70 

80 

75 

610R003 

70 

75 

/  72 

610R007 

25 

5 

10 

610R009 

40 

65 

50 

610R010 

50 

70 

55 

610R011 

70 

80 

75 

610R013 

75 

85 

77 

610R014 

45 

5 

10 

610R015 

75 

10 

40 

610R016 

95 

90 

92 

610R017 

65 

75 

70 

610R018 

75 

60 

68 

610R019- 1 

60 

50 

55 

610R019-2 

60 

50 

55 

610R020 

50 

75 

60 

610R021 

65 

75 

70 

610R022- 1 

65 

75 

70 

610R022-2 

65 

75 

70 

610R023-1 

60 

80 

70 

610R023-2 

60 

80 

70 
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Table  XVIII  (CONT'D) 


MANUFACTURING 

FIELD 

OVERALL 

DRAWING  NO. 

INSPECTABILITY 

INSPECTABILITY 

INSPECTABILITY 

610R024 

55 

70 

65 

610R025 

75 

80 

78 

610R026 

75 

80 

78 

610R027 

80 

75 

77 

610R028 

85 

80 

82 

610R029 

70 

80 

75 

610R030 

70 

85 

81 

610R031 

73 

80 

78 

610R100 

65 

65 

65 

610R101 

55 

65 

65 

610R102 

55 

5 

10 

610R103 

40 

45 

40 

610R104 

Baseline 

100 

100 

100 

610R105 

65 

65 

65 

610R106 

45 

70 

55 

610R107 

50 

60 

55 

610R108 

35 

5 

10 

610R109 

85 

85 

85 

610R110 

55 

80 

70 

610R111 

70 

75 

72 

610R112 

95 

95 

95 

186 


Table  XVIII  (Cont'd) 


DRAWING  NO. 

MANUFACTURING 

INSPECTABILITY 

FIELD 

INSPECTABILITY 

OVERALL 

INSPECTABILITY 

610R113 

70 

75 

73 

610R114 

60 

70 

65 

610R115 

80 

90 

85 

610R116 

75 

80 

78 

610R117 

70 

70 

70 

610R118 

65 

75 

70 

610R119 

80 

75 

78 

610R120 

55 

75 

65 

II. 2. 3  Ranking  of  Concepts 

The  results  of  all  the  evaluations  discussed  in  paragraph 
II. 2. 2  were  tabulated  in  Tables  X  and  XI.  These  results  were 
added  together  to  obtain  the  Total  Score.  The  concept  with  the 
highest  Total  Score  was  ranked  number  1  and  the  concept  with  the 
lowest  Total  Score  was  ranked  last. 

II. 2.4  Utilization  in  Analytical  Assemblies 

The  concepts  with  the  highest  scores  were  chosen  for  use  in 
Analytical  Assemblies,  the  next  step  in  the  Design  Approach 
being  used  in  this  program.  The  concepts  so  chosen  are 
identified  in  the  Remarks  column  of  Tables  X  and  XI  with  an 
A/A  for  Analytical  Assembly. 
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SECTION  II. 3 

MANUFACTURING  TECHNOLOGY 
WORKSHEETS 


188 


TITLE 


DWG.  NO. 
CSS 


610R-002"Am 

140 


MATERIAL 

8823  Ti  S/M 
or  6-4  Ti 


COMPONENT 

All 


ADV.  MATL. 

Yes 


MFG.  PROCESS 


COMPONENT 


ADV.  METH. 


Forming 

Weld  Bond  (Subassy.) 
Adh.  Bond  Lam 
Adh.  Bond 
Bolt  Assy. 


All 

Yes 

Stiff. 

Yes 

L/Skin/Spar 

Yes 

Skin/Stiff 

No 

U/Skin  &  Spar 

No 

COMMENTS: 

Forming  stiffeners  to  a  tapered  condition  could  be  a  major 
problem.  Assume  stiffeners  to  be  parallel. 


CONCEPT  RATING 


ADVANCED  TECHNOLOGY 

MANUFACTURING 

COST  FACTOR 

MFG. 

MATL. 

TOTAL 

.071 

BASIC 

SECOND 

FINAL 

TOTAL 

.066 

TOOL:  220 

MFG: 

189 


TITLE 


DWG.  NO.  610R-003 
CSS  -LAA - 


MATERIAL  COMPONENT  ADV.  MATL. 


6-4  Ti 

All 

Yes 

MFG.  PROCESS 

COMPONENT 

ADV.  METH 

Extrude  (Alt. -Weld) 

U.  Skin  Tube  Sect. 

Yes 

Form 

Skins  &  Spars  to 

Yes 

Contour 

E.B.  Weld 

Spar  Assys. 

Yes 

Adh.  Bond 

U.  Skin  Panel  Assy. 

Yes 

Bolt  Assy. 

U.  Skin  Pan.-Spars- 

No 

L.  Skins 

COMMENTS: 

Bonding  of  square  tubes  should  have  foam  adhesive  between  tubes 
to  allow  tube  mismatch  during  bonding. 

Spike  welding  (E.B.)  of  spar  panels  will  require  development  and 
data  for  reliability. 


CONCEPT  RATING 


ADVANCED  TECH 

NOLOGY 

MANUFACTURING 

COST  FACTOR 

MFG. 

MATL. 

TOTAL 

.057 

BASIC 

SECOND 

FINAL 

TOTAL 

.0093 

TOOL:  215 

MFG: 

190 


TITLE 


DWG.  NO.  610R-007 
CSS  1A0 - 


MATERIAL 

COMPONENT 

ADV.  MATL. 

8823  Ti 

Skins  &  Spars 

Yes 

6-4  Ti 

Core 

Yes 

Ti  Braze  Alloy 

Core  to  Skin  Braze 

Yes 

MFG .  PROCESS 

COMPONENT 

ADV.  METH 

Form 

Skins  to  Contour 

Yes 

Form,  Weld  &  Mach. 

Full  Depth  Core 

Yes 

Braze  (Low  Temp) 

Skin,  Spars,  Core 

Yes 

COMMENTS: 

Need  core  fabrication  methods  developed. 

Need  low  temp  brazing  alloy  developments. 

Design  requires  large  scale  brazing  facilities. 


CONCEPT  RATING 


ADVANCED  TECH 

NOLOGY 

MANUFACTURING 

COST  FACTOR 

MFG. 

MATL. 

TOTAL 

.09 

BASIC 

SECOND 

FINAL 

TOTAL 

.0026 

TOOL:  350 

MFG: 

191 


TITLE 


610R-009 


DWG.  NO. 


CSS 


140 


MATERIAL 


COMPONENT 


ADV.  MATL. 


6-4  Ti 
8823  Ti 
5052  AL 
6-4  Ti 


U.  Skin  &  Stiff  Yes 

Spar  6c  L.  Skin  6c  Stiff.  Yes 

H/C  Core  No 

F.  6c  R.  Spars  Yes 


MFG.  PROCESS 

Form 

Form 

Mach. 

Braze  6c  Weld 
Diffusion  Mold 
Bolt 

COMMENTS: 


COMPONENT  ADV.  METH. 


Integ.  Panel  Stiff.  Yes 

U  6c  L  Skins  to  Contour  Yes 

L.  Skin  Panel  Inner  Section  No 

L.  Skin  Panel  6c  Spar  Caps  Yes 

F  6c  R  Spar  Yes 

U.  Spar  Cap  6c  U.  Skin  No 


Diffusion  Molding  needs  development. 


Large  area  brazing  needs  development. 

Need  a  braze  alloy,  low  temp.  Bulb  stiffeners  require  development. 


CONCEPT  RATING 


ADVANCED  TECHNOLOGY 

MANUFACTURING 

COST  FACTOR 

MFG. 

MATL. 

TOTAL 

.0785 

BASIC 

SECOND 

FINAL 

TOTAL 

.004 

TOOL:  500 

MFG: 

192 


TITLE  _ 


DWG.  NO.  610R-010 


CSS 


140 


MATERIAL 

COMPONENT 

ADV.  MATL. 

8823  Ti  S/M 

Skins 

Yes 

5052  Alum 

H/C  Core 

No 

Graphite  Comp 

L.  Spar  Cap  Slug 

Yes 

MFG.  PROCESS 

COMPONENT 

ADV.  METH, 

Adh.  Bond  Panel 

U/L  Skins  &  Spar 

No 

Weld 

U.  Skin  Panel  &  Spars 

No 

Filament  Placeing 

L.  Spar  Caps 

Yes 

COMMENTS: 

Problem:  Wide  area  bonding  and  inclusion  of  graphite  slugs  with 
built  in  fastener  holes. 

Assembly  will  require  unusual  tooling  to  C/0  hole  patterns  in 
lower  skin  and  spars. 


CONCEPT  RATING 


ADVANCED  TECH 

NOLOGY 

MANUFACTURING 

COST  FACTOR 

MFG. 

MATL. 

TOTAL 

.06 

BASIC 

SECOND 

FINAL 

TOTAL 

.0066 

TOOL:  180 

MFG: 

193 


TITLE 


DWG.  NO. 
CSS 


610R-011 

140 


MATERIAL 

COMPONENT 

ADV.  MATL. 

8823  Ti 

Skins 

Yes 

6-4  Ti 

Spar 

Yes 

MFG.  PROCESS 

COMPONENT 

ADV.  METH. 

Adh.  Bond  Panels 

Skins  -  Spars 

No 

Weld 

F/R  Spar 

Yes 

Assy  -  Bolted 

U/Skin  -  Spar 

No 

COMMENTS: 

Problem  is  wide  area  bonding  of  spars  and  skin  panels. 


CONCEPT  RATING 


ADVANCED  TECH 

NOLOGY 

MANUFACTURING 

COST  FACTOR 

MFG. 

MATL. 

TOTAL 

.03 

BASIC 

SECOND 

FINAL 

TOTAL 

.010 

TOOL:  175 

MFG: 

194 


TITLE 


DWG.  NO. 
C  S  S 


610R-013  "B" 
140 


MATERIAL 

COMPONENT 

ADV.  MATL. 

7050-T76 

Upper  Skin  Sand.  Panel 

Yes 

7050-T76 

Upper  Spar  Caps 

Yes 

7050-T7651 

Upper  Skins  &  Slug 

Yes 

7050-T76 

Lower  Skin  Laminates 

Yes 

7050-T73651 

Spar  Web  &  Cap 

Yes 

7050- 

Lower  Spar  Cap  Doublers 

Yes 

MFG .  PROCESS 

COMPONENT 

ADV.  METH 

Shear  &  Route 

L/Skin  Laminates 

No 

Machine  &  Etch 

Spars 

No 

Adh.  Bond 

U/S  H/C  Panel 

No 

Adh.  Bond 

L/Skin  Laminates  &  Spars 

Yes 

Bolted 

Assy  -  Spars  &  U/Skin 

No 

COMMENTS: 

Problems  in  wide  area  bonding: 

“Bonding  of  spar  to  lower  skin 
“Bonding  of  laminates. 


(.12  max) _ _ CONCEPT  RATING  (.02  max) 


ADVANCED  TECH 

NOLOGY 

MANUFACTURING 

COST  FACTOR 

MFG. 

MATL. 

TOTAL 

.0262 

BASIC 

SECOND 

FINAL 

TOTAL 

.013 

TOOL:  120 

MFG: 

195 


TITLE 


DWG.  NO. 
C  S  S 


610RQ14  "A" 
140 


MATERIAL 


COMPONENT 


ADV.  MATL. 


6-4  Ti  STA 
8823  Ti 

Ti  Braze  Alloy 


U.  Skin  and  Core 
L.  Skin  and  Spars 
Core  to  Skin  Braze 


Yes 

Yes 

Yes 


MFG.  PROCESS 


COMPONENT 


ADV.  METH. 


Form 

Form  and  Mach. 

Weld 

Weld 

Braze 


Skins  to  Contour 

Yes 

Corrugated  Core 

Yes 

Spot  Weld  Core 

Yes 

Spar  Webs  and  Caps 

Yes 

Spars  and  Core  to  Skins 

Yes 

COMMENTS: 

Need  development  of  full  depth  core  making  facilities. 

Need  braze  alloy,  brazing  development  and  large  brazing  furnaces. 


CONCEPT  RATING 


ADVANCED  TECH 

NOLOGY 

MANUFACTURING 

COST  FACTOR 

MFG. 

MATL. 

TOTAL 

.09 

BASIC 

SECOND 

FINAL 

TOTAL 

.004 

TOOL:  260 

MFG: 

196 


DWG. NO 


TITLE 


C  S  S 


610R-015  "C" 
140 


MATERIAL 

COMPONENT 

ADV.  MATL. 

6-4  Ti  EXT 

Skin  Frame 

Yes 

6-4  Ti 

Skins 

Yes 

6-4  Ti  TUBE 

Truss 

Yes 

MFG. 

PROCESS 

COMPONENT 

ADV.  METH 

Weld 

(Hand) 

Frame  &  Tube  Truss 

Yes 

Form 

Frame  &  Skin  Details 

Yes 

Braze 

Assy. 

Skin  to  Frame 

Yes 

COMMENTS: 

Tube  and  frame  to  be  hand  welded. 

Large  brazing  facility  required. 
Inspection  after  brazing  very  difficult. 


CONCEPT  RATING 


ADVANCED  TECH 

NOLOGY 

MANUFACTURING 

COST  FACTOR 

MFG. 

MATL. 

TOTAL 

.045 

BASIC 

SECOND 

FINAL 

TOTAL 

.0026 

TOOL:  400 

MFG: 

197 


TITLE 


DWG.  NO. 
CSS 


610R-016  "A" 
140 


MATERIAL  COMPONENT  ADV.  MATL. 

7050-T7651  Alum  Upper  Cover  Yes 
7050-T73651  Alum  Spars  Yes 
7475-T7351  Alum  Lower  Plate  Yes 


MFG.  PROCESS  COMPONENT  ADV,  METH. 

None 
None 

COMMENTS: 

Conventional  Forming  and  machining. 

No  provisions  for  fuel  flow  holes  shown. 


Machine  Hog-Out  All 

Rivet  &  Bolt  Assy. 


CONCEPT  RATING 


ADVANCED  TECH 

NOLOGY 

MANUFACTURING 

COST  FACTOR 

MFG. 

MATL. 

TOTAL 

.0225 

BASIC 

SECOND 

FINAL 

TOTAL 

.020 

TOOL:  100 

MFG: 

TITLE 


DWG.  NO. 
CSS 


610R-017  "B" 
140 


MATERIAL 

COMPONENT 

ADV.  MATL, 

6-4  Ti  STA 

All  except  H/C  Core 

Yes 

5052  Alum 

H/C  Core 

NO 

MFG .  PROCESS 

COMPONENT 

ADV.  METH 

Weld,  T-Burn 

U/L  Skin  Panels 

Yes 

Form 

U/L  Skin  Panel  Covers 

Yes 

Bolt  Assy. 

U/L  Spar-Skin  Joints 

No 

COMMENTS: 

T-Burn  welds  as  proposed  for  closing  skin  panels  will  have  to  be 
developed. 


Welds  shown  in  View  A  are  not  applicable  to  GTA  burn  thru. 


CONCEPT  RATING 


ADVANCED  TECH 

NOLOGY 

MANUFACTURING 

COST  FACTOR 

MFG. 

MATL. 

TOTAL 

.06 

BASIC 

SECOND 

FINAL 

TOTAL 

.0027 

TOOL:  235 

MFG: 

199 


TITLE 


DWG.  NO. 
CSS 


610R-018 

140 


MATERIAL 
8823  Ti 


COMPONENT 

All 


ADV.  MATL. 

Yes 


MFG.  PROCESS 


COMPONENT 


ADV.  METH. 


Weld 

Weld,  T-Burn 
Form 

Bolt  Assy. 


"Y"  Stiff  &  Spars  Yes 
Spars  to  L  Skin  Yes 
Skins  Yes 
U.  Skin-Spar  Cap  No 


COMMENTS: 

Need  spars  and  stiffeners  parallel. 

T-Bum  attachment  for  spar  cap  and  lower  skin  not  good. 

Y  stiffener  attachment  to  skins  will  require  development. 


CONCEPT  RATING 


ADVANCED  TECH 

NOLOGY 

MANUFACTURING 

COST  FACTOR 

MFG. 

MATL. 

TOTAL 

.075 

BASIC 

SECOND 

FINAL 

TOTAL 

.0066 

TOOL:  225 

MFG: 

200 


DWG. NO 


610R-019-1 


TITLE 


CSS 


140 


MATERIAL 

COMPONENT 

ADV.  MATL 

6-4  Ti 

U/Skin 

Yes 

8823  Ti 

L/Skin  &  Spars 

Yes 

MFG.  PROCESS 

COMPONENT 

ADV.  METH 

Form 

Skin  &  Integ.  Stiff 

Yes 

Rivet,  Adh.  Bond, 

Skin  Panels 

Yes 

or  Braze 

COMMENTS: 

Developments  required  to  equipment  and  process  of  forming  integral 
skin  stiffeners. 

Contour  forming  of  integral  stiffened  skins  and  bonding  or  brazing 
will  be  major  problems. 


CONCEPT  RATING 


ADVANCED  TECH 

NOLOGY 

MANUFACTURING 

COST  FACTOR 

MFG. 

MATL. 

TOTAL 

.06 

BASIC 

SECOND 

FINAL 

TOTAL 

.004 

TOOL:  325 

MFG: 

201 


TITLE 


DWG.  NO. 


610R-019-2 


CSS 


140 


MATERIAL  COMPONENT  ADV.  MATL. 

7050  AL  All  Yes 


MFG .  PROCESS 


COMPONENT 


ADV.  METH. 


Form  Skins  &  Integral  Stiff.  Yes 

Assy.  Rivet  or  Adhesive  Bond  No 

Bolt  U-Skin  Spar  No 


COMMENTS: 

Forming  of  bulb  stiffeners  is  very  difficult  and  must  be  parallel. 


CONCEPT  RATING 


ADVANCED  TECHNOLOGY 

MANUFACTURING 

COST  FACTOR 

MFG. 

MATL. 

TOTAL 

.045 

BASIC 

SECOND 

FINAL 

TOTAL 

.008 

TOOL:  275 

MFG: 

202 


TITLE 


MATERIAL 

6-4  Ti 


DWG.  NO. 
C  S  S 


610R020  ,,A" 
140 


COMPONENT 

All 


ADV.  MATL. 

Yes 


MFG.  PROCESS 

COMPONENT 

ADV. 

Form 

Skins  to  Contour 

Yes 

Form 

Truss  Core 

Yes 

Weld-Burn  Thru 

Inner  Skin  &  Truss  Core 

Yes 

Braze  (or  D.B.) 

Outer  Skin  &  Truss  Core 

Yes 

Bolt 

Spars  to  Skin  Panels 

No 

COMMENTS: 

Large  area  brazing  developments  and  brazing  alloy  developments  are 
required. 

Revise  butt  weld  and  burn  thru  joint  to  make  separate  welds. 


CONCEPT  RATING 


ADVANCED  TECH 

NOLOGY 

V  MANUFACTURING 

COST  FACTOR 

MFG. 

MATL. 

TOTAL 

.0637 

BASIC 

SECOND 

FINAL 

TOTAL 

.010 

TOOL:  315 

MFG: 

203 


610R-021 


TITLE 


DWG.  NO. 
CSS 


140 


MATERIAL 


COMPONENT 


ADV.  MATL. 


8823  Ti  All  Yes 

or  6-4  Ti 


MFG.  PROCESS 


COMPONENT 


ADV.  METH. 


Machine 

Form 

Weld  (T-Burn) 
Bolt-Assy. 


Spars 

No 

Skins 

Yes 

Skin/Stiff 

Yes 

U/Skin  &  Spar 

No 

COMMENTS: 

Need  to  develop  standard  T-burn  thru  welding  tool  or  equipment. 
Possible  to  make  T  stiffener  as  a  detail  by  CSDB. 


CONCEPT  RATING 


ADVANCED  TECH 

NOLOGY 

MANUFACTURING 

COST  FACTOR 

MFG. 

MATL. 

TOTAL 

.0636 

BASIC 

SECOND 

FINAL 

TOTAL 

.008 

TOOL:  210 

MFG: 

204 


TITLE 

DWG.  NO. 

610R-022  "A" 

c  c  c  WO 

MATERIAL 

COMPONENT 

ADV.  MATL. 

-(1)  6-4  Ti 

All 

Yes 

-(2)  8823  Ti 

L/Skin  Only 

Yes 

6-4  Ti 

All  Other 

Yes 

MFG.  PROCESS 

COMPONENT 

ADV.  METH 

Adh.  Bond  Lam. 

U/L  Skins  &  Spars 

Yes 

Form 

Skins  &  Stiff  (HAT) 

Yes 

Bolt  Assy. 

U/Skin  and  Spar  Cap 

No 

COMMENTS: 

Problem:  Wide  area  laminate  bonding  -  hat  sections  must  be  parallel. 


CONCEPT  RATING 


ADVANCED  TECH 

NOLOGY 

MANUFACTURING 

COST  FACTOR 

MFG. 

MATL. 

TOTAL 

.045 

BASIC 

SECOND 

FINAL 

TOTAL 

.009 

TOOL:  i60 

MFG: 

205 


TITLE  _  DWG.  NO.  610R-023 

140 

- CSS  - 


MATERIAL 


COMPONENT 


ADV.  MATL. 


8823  Ti 


All 


Yes 


MFG .  PROCESS 

COMPONENT 

ADV.  METH 

Mach.  (Alt.  Extrude) 

Spars 

No 

Form 

Skins 

Yes 

Weld  (T-Burn) 

Skin/Stiff 

Yes 

Bolt-Assy. 

U/Skin  &  Spars 

No 

COMMENTS: 

Need  to  develop  standard  T-bum  thru  welding  tool  or  equipment. 
Assume  stiff  to  be  constant  spacing. 

Make  2  welds  on  spars  to  avoid  excess  machining.  Look  at  rivet 
bonded  web  for  inner  spars. 

Suggest  integral  panel  extrusion  for  trade  study. 


CONCEPT  RATING  C"1  &  "2> 


ADVANCED  TECHNOLOGY 

MANUFACTURING 

COST  FACTOR 

MFG. 

MATL. 

TOTAL 

.06 

BASIC 

SECOND 

FINAL 

TOTAL 

.012 

TOOL:  185 

MFG: 

206 


TITLE 


DWG.  NO. 
CSS 


610R-024  "A” 
140 


MATERIAL 


COMPONENT 


ADV.  MATL. 


6-4  Ti 
8823  Ti 
5052  AL 


U.  Skin  Panels 
L.  Skin  &  Spar 
H/C  Core  -  Spars 


Yes 

Yes 

No 


MFG .  PROCESS 

COMPONENT 

ADV.  METH 

Form 

Panel  Skins  to  Contour 

Yes 

Form 

Truss  Core  for  Panels 

Yes 

Weld 

Inner  Panel  Skin  to  Truss/Spar 

Yes 

Braze  (or  D.  B.) 

Outer  Skin  to  Truss/Spar 

Yes 

Adh.  Bond 

Spar  Panels 

Yes 

Bolt 

Spar  to  Skin  Panel  Assy. 

No 

COMMENTS: 

Large  area  brazing  developments  and  brazing  alloy  developments  are 
required. 

Look  at  rivet  bonding  of  spar  panels  at  lower  surface  attach  points. 


CONCEPT  RATING 


ADVANCED  TECH 

NOLOGY 

MANUFACTURING 

COST  FACTOR 

MFG. 

MATL. 

TOTAL 

.084 

BASIC 

SECOND 

FINAL 

TOTAL 

.0105 

TOOL:  325 

MFG: 

207 


TITLE 


DWG.  NO.  610R-025 


CSS 


140 


MATERIAL 


COMPONENT  ADV.  MATL. 


7050  Alum  (S/M) 


All 


Yes 


MFG.  PROCESS 


COMPONENT 


ADV.  METH. 


Shear- Route -Form 
Adh.  Bond 
Adh.  Bond 
Bolt 


All  Det 

No 

Spar-Skin  &  Hat  Stiff 

No 

Spars  -  Back  to  Back 

No 

Assy-U/Skin  &  Spar 

No 

COMMENTS: 


Advanced  development  of  laminate  bonding  is  required. 


CONCEPT  RATING 


ADVANCED  TECHNOLOGY 

MANUFACTURING 

COST  FACTOR 

MFG. 

MATL. 

TOTAL 

.03 

BASIC 

SECOND 

FINAL 

TOTAL 

.017 

TOOL:  130 

MFG: 

(See  610R-119) 
208 


TITLE 


DWG.  NO. 


610R-026 


CSS 


140 


MATERIAL 

COMPONENT 

ADV.  MATL, 

7050-T76  -  Sheet 

Spar  Webs 
Skins-Truss 

Yes 

2024  -  Extrusion 

Spar  Cap 

No 

MFG.  PROCESS 

COMPONENT 

ADV.  METH. 

Adh.  Bonding 

Truss  Skin  Panels 

No 

Truss  Forming 

Corrugation  Truss 

No 

Extrusion  (Machined) 

Spar  Cap 

No 

Bolt  Assy. 

Spar-Skins 

No 

COMMENTS: 

Major  problem  is  equipment  development  for  forming  truss  core. 
Assy,  problem  is  closing  of  wing  box  due  to  internal  bolts. 
Wide  area  bonding  of  skins  requires  development. 


CONCEPT  RATING 


ADVANCED  TECHNOLOGY 

MANUFACTURING 

COST  FACTOR 

MFG. 

MATL. 

TOTAL 

.026 

BASIC 

SECOND 

FINAL 

TOTAL 

.008 

TOOL:  170 

MFG: 

(See  ^61011-118) 
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610R-027 


TITLE 


DWG.  NO. 


CSS 


140 


MATERIAL 


COMPONENT 


ADV.  MATL. 


6-4  Ti  STA 
8823  Ti 
5052  Alum 


U/Skin  &  Spars 

Yes 

L/Skin 

Yes 

H/C  Core 

No 

MFG.  PROCESS 


COMPONENT 


ADV.  METH. 


Adh.  Bond  Panel  U/L/Skins  No 

Adh.  Bond  Laminate  Spars  Yes 

Bolt  Assy.  U/Skin-Spar  No 


COMMENTS: 

Wide  area  bonding  of  skin  panels  and  spar  laminates  are  problem  areas. 


CONCEPT  RATING 


ADVANCED  TECH 

NOLOGY 

MANUFACTURING 

COST  FACTOR 

MFG. 

MATL. 

TOTAL 

.0225 

BASIC 

SECOND 

FINAL 

TOTAL 

.010 

TOOL:  140 

MFG: 

210 


TITLE  _  DWG.  NO.  610R-028 


MATERIAL 

COMPONENT 

ADV.  MATL, 

7050-T76 

Skins 

Yes 

7050-T7651 

Skin  Panel  Slugs 

Yes 

5056-AL  Core 

Sandwich  Core 

No 

MFG .  PROCESS 

COMPONENT 

ADV.  METH 

Adhesive  Bonding 

All 

No 

Machine 

Slugs 

No 

Bolted  Assy. 

U.  Skin  -  Spar  Caps 

No 

COMMENTS: 

Problem: 

°  Wide  area  bonding 

°  Bonding  of  spar  laminates  to  lower  skin  panel. 


CONCEPT  RATING 


ADVANCED  TECH 

NOLOGY 

MANUFACTURING 

COST  FACTOR 

MFG. 

MATL. 

TOTAL 

.0225 

BASIC 

SECOND 

FINAL 

TOTAL 

.0105 

TOOL:  135 

MFG: 

211 


TITLE 


DWG.  NO.  610R-029 
CSS  -14Q - 


MATERIAL  COMPONENT  ADV.  MATL. 


7050-T761  (Plate) 

U.  Skin  &  F/R  Spars 

Yes 

7050-T76  (Sheet) 

L.  Skin  &  Corr.  Spars 

Yes 

7050-T761  (Bar) 

Spar  Caps 

Yes 

MFG.  PROCESS 

COMPONENT 

ADV.  METH 

Brake  Form  6c  Machine 

U.  Skin 

No 

Machine 

U.  Spar  Caps 

No 

Machine 

F  6c  R  Spar 

No 

Form  - 

Corr.  Spar  Webs 

No 

Adh.  Bond 

L.  Skin  Laminate 

Yes 

Weld  Bond 

Corr.  Spar  to  L.S.Caps 

Yes 

COMMENTS: 

Laminated  bonded  lower  skin  and  spar  caps  will  require 
development . 

Weld  bonding  of  7050  alum  will  need  development.  Suggest 
rivet  bonding  of  upper  and  lower  spar  caps  to  webs  be  evaluated 
in  trade  study. 


CONCEPT  RATING 


ADVANCED  TECH 

NOLOGY 

MANUFACTURING 

COST  FACTOR 

MFG. 

MATL. 

TOTAL 

.0375 

BASIC 

SECOND 

FINAL 

TOTAL 

.013 

TOOL:  125 

MFG: 

212 


TITLE 


# 


DWG.  NO. 
CSS 


610R-030 

140 


MATERIAL 

7050  Aluminum 


COMPONENT 


ADV..  MATL. 


All 


Yes 


MFG.  PROCESS  COMPONENT  ADV.  METH. 


Form  -  Corrugations 

Skin  Stiff. 

No 

Form  -  Contour 

Skins 

No 

Machine 

Spars 

No 

Adh.  Bonding 

Skin-to-Stiff 

No 

Bolt  Assy 

Skin-to-Spars 

No 

COMMENTS: 

Requires  equipment  development  for  forming  corrugated  stiffeners. 
Assume  corrugated  stiffeners  to  be  parallel. 

Wide  area  adhesive  bonding  of  aluminum  laminates  needs  development. 


CONCEPT  RATING 


ADVANCED  TECHNOLOGY 

MANUFACTURING 

COST  FACTOR 

MFG. 

MATL. 

TOTAL 

.0338 

BASIC 

SECOND 

FINAL 

TOTAL 

.001 

TOOL:  170 

MFG: 

213 


TITLE 


DWG.  NO. 
CSS 


610R-031 

140 


MATERIAL 


COMPONENT 


ADV.  MATL. 


7050  Alum. 
8823  Ti 


U.  Skin  &  U.  Spar  Yes 

L.  Skin  6c  L.  Spar  Yes 


MFG .  PROCESS 


COMPONENT 


ADV.  METH. 


Adh.  Bond 
Weld-"T"  Burn 
Braze 

Bolted  Assy 


u. 

Skin 

Panel 

No 

L. 

Skin 

Panel 

Yes 

L. 

Spar 

to  Skin 

Yes 

U. 

Spar 

to  Skin  Panel 

No 

COMMENTS: 

Problems:  Wide  area  bonding  of  upper  panel.  Need  a  low  temp 
braze  alloy. 

Suggest  rivet  bonding  for  spar  webs. 

Look  at  increased  flange  width  of  lower  spar  caps 
and  consider  adhesive  bonding  rather  than  braze. 


CONCEPT  RATING 


ADVANCED  TECHNOLOGY 

MANUFACTURING 

COST  FACTOR 

MFG. 

MATL. 

TOTAL 

.0562 

BASIC 

SECOND 

FINAL 

TOTAL 

.008 

TOOL:  180 

MFG: 

214 


TITLE 


DWG.  NO.  610R-1Q0 
340 

CSS  - 


MATERIAL  component  adv.  matl. 

7050  Alum  All  Yes 

5056  Alum 


MFG.  PROCESS 

COMPONENT 

ADV.  METH 

Form 

Skins,  Panel  &  Truss  Core 

No 

Weld  Bond 

Truss  Core 

Yes 

Adh.  Bond 

Skin  Panels  &  Spars 

No 

Rivet  Assy 

Spar  Assy 

No 

Bolt  Assy 

U.  Skin  Panel  &  Spars 

No 

COMMENTS: 

Trussed  core  fabrication  method  will  have  to  be  developed. 

Assembly  and  bonding  of  lower  skin  is  complicated  by  rivets 
shown  in  View  A-A.  Suggest  elimination  of  these  rivets  in  favor 
of  bonding  only  or  double  flush  rivets. 

Major  problem  is  wide  area  bonding. 


CONCEPT  RATING 


ADVANCED  TECH 

NOLOGY 

MANUFACTURING 

COST  FACTOR 

MFG. 

MATL. 

TOTAL 

.0337 

BASIC 

SECOND 

FINAL 

TOTAL 

.013 

TOOL:  145 

MFG: 

215 


TITLE 


DWG. NO 


CSS 


eiOR-ior'E" 

340 


MATERIAL 

COMPONENT 

ADV.  MATL, 

6-4  Ti 

U.  Skin  &  Core 

Yes 

8823  Ti 

U.  Skin  &  Spars 

Yes 

Braze  Alloy 

Core  to  Skin  Braze 

Yes 

MFG.  PROCESS 

COMPONENT 

ADV.  METH. 

Form 

Skins  and  Spars  to  Contour 

Yes 

Form 

Beads  on  Large  Cell  Core 

Yes 

Spot  Weld  &  Mach. 

Large  Cell  Core 

Yes 

Braze  Assy 

Skins,  Spars,  and  Core 

Yes 

COMMENTS: 

Very  complex  fabrication  methods  require  development. 
Low  temp  brazing  alloy  is  needed. 

Large  scale  brazing  facilities  are  required. 


CONCEPT  RATING 


ADVANCED  TECH 

NOLOGY 

MANUFACTURING 

COST  FACTOR 

MFG. 

MATL. 

TOTAL 

.09 

BASIC 

SECOND 

FINAL 

TOTAL 

.0013 

TOOL:  440 

MFG: 

216 


TITLE 


DWG. NO 


610R-102"B" 


CSS 


340 


MATERIAL 

COMPONENT 

ADV.  MATL. 

7050  Alum  (.012-. 016) 

Skins 

Yes 

7050  Alum  Sheet  (.016) 

Inner  Spars 

Yes 

7050  Alum  Plate 

F  &  R  Spars 

Yes 

MFG.  PROCESS 

COMPONENT 

ADV.  METH 

Forming  ) 

(Skin  Laminates 

Yes 

Adhesive  Bonding) 

(Spar  Laminates 

Adhesive  Bonding 

Skin-Spar-Assy 

Yes 

COMMENTS: 

This  concept  requires  development  of  a  new  bonding 
technique . 

Question ;  Will  skin-spar  assembly  support  bonding  pressures? 


CONCEPT  RATING 


ADVANCED  TECH 

NOLOGY 

MANUFACTURING 

COST  FACTOR 

MFG. 

MATL. 

TOTAL 

.045 

BASIC 

SECOND 

FINAL 

TOTAL 

.004 

TOOL:  240 

MFG: 

217 


610R-103A 


TITLE 


DWG.  NO. 
CSS 


340 


MATERIAL 

6-4  Ti 


COMPONENT 

All 


ADV.  MATL. 

Yes 


MFG.  PROCESS 


COMPONENT 


ADV.  METH. 


Form 

Adh.  Bond 

Braze 

Weld 

Bolt  Assy 


Skins,  Truss,  &  Spar  Caps  Yes 

U.  Skin  Pan.  &  Spar  Panels  Yes 

L.  Skin  Pan.  &  Spar  Panels  Yes 

Truss-Spar  Pan.  &  L.Skin  Panels  Yes 
U.  Skin  Pan  &  Spar  Caps  No 


COMMENTS: 

Wide  area  bonding  and  brazing  of  skin  panels  are  major 
problem  areas. 

Joining  of  spar  panels  to  lower  skin  attachment  will 
require  development. 


CONCEPT  RATING 


ADVANCED  TECH 

NOLOGY 

MANUFACTURING 

COST  FACTOR 

MFG. 

MATL. 

TOTAL 

.071 

BASIC 

SECOND 

FINAL 

TOTAL 

.0053 

TOOL:  245 

MFG: 

218 


TITLE 


DWG.  NO. 
CSS 


610R-105 

340 


MATERIAL 
7050  Alum 
5056  Alum 


COMPONENT 

All  (except  Core) 

Core 


ADV.  MAIL. 

Yes 

No 


MFG.  PROCESS  COMPONENT  ADV.  METH. 


Form 

Skins,  Truss,  Braces /Beads 

Yes 

Mach. 

Spars  (Spar  Caps) 

No 

Adh.  Bond 

Spars  (H/C  Panels) 

No 

If  It 

U/Truss  Skin  Pan-L/Lam.Skin  Pan. 

Yes 

Bolt  Assy 

U/L  Skin  Pan  to  Spar 

No 

COMMENTS: 

Need  developments  for  upper  truss  skin  forming  and  bonding. 
Wide  area  bonding  is  a  major  problem  with  laminated  skins. 
Upper  skin-spar  attachment  not  possible  as  shown. 


CONCEPT  RATING 


ADVANCED  TECH 

NOLOGY 

MANUFACTURING 

COST  FACTOR 

MFG. 

MATL. 

TOTAL 

.03 

BASIC 

SECOND 

FINAL 

TOTAL 

.008 

TOOL:  185 

MFG: 

219 


DWG. NO 


610R-106 


TITLE 


CSS 


340 


MATERIAL 

COMPONENT 

ADV.  MATL. 

7050  Alum. 

U.  Skin 

Yes 

6-4  Ti 

U.  Spar  Cap 

Yes 

8823  Ti 

F/R  Spars-L.Spar  Caps  Yes 

L.  Skin  Pan  (Skin  &  Core)  Yes 

MFG.  PROCESS 

COMPONENT 

ADV.  METH. 

Form  &  Etch 

Upper  Skin 

No 

Extrude  &  Mach 

Spars -Spar  Caps 

Yes 

Braze 

Lower  Skin  Panel 

Yes 

Adhesive  Bond 

Aux.  Spar  Panels 

Yes 

Bolt  Assy 

U.  Skin  to  Spars 

No 

COMMENTS: 

Major  problem  with  braze  alloy. 

core  manufacture,  core 

machining, 

and  large  area  brazed  panel 

for 

lower  skin  panel. 

Joining  of  adhesive  bonded 
is  a  problem  not  resolved. 

spar  panels  to  brazed  lower 

skin  panels 

CONCEPT  RATING 


ADVANCED  TECH 

NOLOGY 

MANUFACTURING 

COST  FACTOR 

MFG. 

MATL. 

TOTAL 

.0525 

BASIC 

SECOND 

FINAL 

TOTAL 

.0066 

TOOL:  195 

MFG: 

220 


TITLE 


DWG. NO 


610R-107 

340 


CSS 


MATERIAL  COMPONENT  ADV.  MATL. 


8823  Ti 

U.  Skin  Pan 

Yes 

8823  Ti 

Spar  Pan 

Yes 

6-4  Ti 

Aux.  Spar  Caps,  Lower 

Yes 

6-4  Ti 

L.  Skin  Pan  (H/C) 

Yes 

6-4  Ti 

Truss,  Lower  Spar  Cap 

Yes 

MFG.  PROCESS 

COMPONENT 

ADV.  METH 

Form 

U/L  Skins  &  Truss 

Yes 

Adh.  Bond 

U.  Skin  Pan  -  Spar  Pan 

Yes 

Weld 

F/R  Spar  Caps 

Yes 

Braze 

L.  Skin  Pan 

Yes 

Bolt  Assy 

U.  Skin  &  Spars 

No 

COMMENTS: 

Wide  area  bonding  and  brazing  are  major  problems. 

Forming  of  truss  cap  for  lower  fitting  assembly  needs  development:. 


CONCEPT  RATING 


ADVANCED  TECH 

NOLOGY 

MANUFACTURING 

COST  FACTOR 

MFG. 

MATL. 

TOTAL 

.04 

BASIC 

SECOND 

FINAL 

TOTAL 

.0053 

TOOL:  180 

MFG: 

221 


TITLE 


DWG.  NO. 
C  S  S 


610R-108 

340 


MATERIAL 

COMPONENT 

ADV.  MATL, 

6-4  Ti  (.005) 

Corr  Core 

Yes 

8823  Ti 

U/L  Skins 

Yes 

Braze  Alloy,  Ti 

Core  to  Core  Node 

Yes 

MFG.  PROCESS 

COMPONENT 

ADV.  METH 

Spot  Weld  and  Mach. 

Core  to  Core 

Yes 

Braze,  Assy 

Core  to  Skins 

Yes 

Forming 

Core  Cells 

Yes 

Forming,  Creep 

Skins 

Yes 

COMMENTS: 

Need  development  of  full  depth  core  making  facility  and  process. 
Need  low  temp,  brazing  alloy  for  lower  skin  (6-4  to  8823). 

Large  brazing  tools  and  facility  needed. 

Question:  Would  CP  Ti  be  acceptable  as  core  material? 


CONCEPT  RATING 


ADVANCED  TECH 

NOLOGY 

MANUFACTURING 

COST  FACTOR 

MFG. 

MATL. 

TOTAL 

.09 

BASIC 

SECOND 

FINAL 

TOTAL 

.004 

TOOL:  300 

MFG: 

222 


TITLE 


DWG. NO 


610R-109 


CSS 


340 


MATERIAL 


COMPONENT 


ADV.  MATL. 


6-4  Titanium 


All 


Yes 


MFG .  PROCESS 


COMPONENT 


ADV.  METH. 


T-Burn  Weld  U/L  Skin/Stiff 

Form  Skin/Stiff  "  "  " 

Rivet  and  Bolt  Assembly 


Yes 

Yes 

No 


COMMENTS: 


Use  Std.  tooling  for  all  T-Burn  Welds. 


CONCEPT  RATING 


ADVANCED  TECHNOLOGY 

MANUFACTURING 

COST  FACTOR 

MFG. 

MATL. 

TOTAL 

.03 

BASIC 

SECOND 

FINAL 

TOTAL 

.016 

TOOL:  120 

MFG: 

223 


TITLE 


DWG.  NO.  610R-H0 
340 

CSS  - 


MATERIAL  .  COMPONENT  ADV.  MATL. 

6-4  Ti  Annealed  All 


MFG.  PROCESS  COMPONENT  ADV.  METH. 

Forming 


COMMENTS: 

Need  to  revise  outer  skin  to  spar  cap  weld  joint. 
Welding  .015  skin  to  spar  cap  is  a  major  problem. 
.125  flat  on  60°  diagonal  not  possible. 


CONCEPT  RATING 


ADVANCED  TECH 

NOLOGY 

MANUFACTURING 

COST  FACTOR 

MFG. 

MATL. 

TOTAL 

.075 

i 

BASIC 

SECOND 

FINAL 

TOTAL 

.0033 

TOOL:  280 

MFG: 

224 


TITLE 


DWG. NO 


610R-111 


CSS 


340 


MATERIAL 

COMPONENT 

ADV.  MATL, 

6-4  Ti 

All 

Yes 

MFG.  PROCESS 

COMPONENT 

ADV.  METH 

Form 

Skins 

Yes 

Weld  (Alt.  Bz) 

Skin  Panels 

Yes 

Bolt  Assy 

Skin  Panels  &  Spars 

No 

COMMENTS: 

Difficult  to  make  skin  panels  by  100%  weld-possibly  braze  outer 
skins . 

Attachment,  skin  panel  to  intermediate  spars,  very  difficult. 


CONCEPT  RATING 


ADVANCED  TECH 

NOLOGY 

MANUFACTURING 

COST  FACTOR  , 

MFG. 

MATL. 

TOTAL 

.052 

BASIC 

SECOND 

FINAL 

TOTAL 

.0053 

TOOL:  250 

MFG: 

225 


TITLE 


DWG.  NO.  610R-112 
340 

CSS  - 


MATERIAL 

COMPONENT 

ADV.  MATL. 

7475  T7651  Plate 

Lower  Skin 

Yes 

7050  T651  Plate 

Upper  Skin 

Yes 

MFG .  PROCESS 

COMPONENT 

ADV.  METH 

Machine  Complete 

All  Details 

No 

(All  Details) 

Bolt 

Assy 

No 

COMMENTS: 

Conventional  forming  &  machining. 


CONCEPT  RATING 


ADVANCED  TECH 

NOLOGY 

MANUFACTURING 

COST  FACTOR 

MFG. 

MATL. 

TOTAL 

.022 

BASIC 

SECOND 

FINAL 

TOTAL 

.020 

TOOL:  115 

MFG: 

226 


TITLE 


DWG.  NO. 
CSS 


610R113,,A" 

340 


MATERIAL 


COMPONENT 


ADV.  MATL. 


6-4  Ti  Annealed 


All 


Yes 


MFG.  PROCESS 


COMPONENT 


ADV.  METH. 


Mach  From  Plate  (.65) 
Mach  From  Plate  (.500) 
Creep  Form 
Weld- 
Bolt  Assy 


Upper  Skin 

No 

Lower  Skin 

No 

U/L  Plates 

Yes 

Spar  Web/Cap 

Yes 

U/Skin  &  Spar 

No 

COMMENTS: 

Need  to  increase  stiffener  spacing  to  allow  for  larger 
cutters  for  producibility . 

Will  have  to  etch  .030  off  all  surfaces  to  hold  dimensions 
as  shown. 

Look  at  integral  stiffened  skin  extrusions  in  trade-off 
studies . 


CONCEPT  RATING 


ADVANCED  TECH 

NOLOGY 

MANUFACTURING 

COST  FACTOR 

MFG. 

MATL. 

TOTAL 

.037 

BASIC 

SECOND 

FINAL 

TOTAL 

.013 

TOOL:  200 

MFG: 

227 


610R-114 


TITLE 


DWG.  NO. 
CSS 


340 


MATERIAL 


COMPONENT 


ADV.  MATL. 


6-4  Ti  Annealed 


All 


Yes 


MFG .  PROCESS 


COMPONENT 


ADV.  METH. 


Butt  Weld 

Braze 

Form 

Bolt  Assy 


Skin-Spar  Joints  Yes 

Skin  to  Stiff  Yes 

Truss  Core  Yes 

U/L  Skin  Panel  &  Spars  No 


COMMENTS: 

Need  spars  and  corrugations  parallel. 

Problem  of  accessibility  in  closing  wing  box. 


CONCEPT  RATING 


ADVANCED  TECHNOLOGY 

MANUFACTURING 

COST  FACTOR 

MFG. 

MATL. 

TOTAL 

.084 

BASIC 

SECOND 

FINAL 

TOTAL 

.0033 

TOOL:  220 

MFG: 

228 


TITLE 


DWG. NO 


610R-115-1 


CSS 


340 


MATERIAL 

COMPONENT 

ADV.  MATL. 

7050  Alum 

All 

Yes 

MFG.  PROCESS 

COMPONENT 

ADV.  METH 

Machine  Complete  and  Form 

Skins 

Yes 

Machine 

Spars 

No 

Bolt-Rivet  Assy 

Skin-Spars 

No 

COMMENTS: 


Need  greater  spacing  between  stiffeners  for  cutter  size  required. 


CONCEPT  RATING 


ADVANCED  TECHNOLOGY 

MANUFACTURING 

COST  FACTOR 

MFG. 

MATL. 

TOTAL 

.03 

BASIC 

SECOND 

1 

FINAL 

TOTAL 

.013 

TOOL:  150 

MFG: 

229 


TITLE 


DWG.  NO.  610R-115-2 
340 

C  S  S  - 


MATERIAL 

COMPONENT 

ADV.  MATL. 

6-4  Ti 

All 

Yes 

MFG .  PROCESS 

COMPONENT 

ADV.  METH 

Machine 

Spars-Stif f . 

No 

Form 

Skins 

Yes 

Weld  (T-Burn) 

Stiff  to  Skins 

Yes 

Bolt  Assy 

Skin-Spare 

No 

COMMENTS: 

Suggest  T  extrusions  for  stiffeners  or  integral  panel  extrusions 
with  butt  weld  joints  for  trade  study. 

Larger  spacing  between  stiffeners  is  desired  for  machining  or 
welding. 


CONCEPT  RATING 


ADVANCED  TECH 

NOLOGY 

MANUFACTURING 

COST  FACTOR 

MFG. 

MATL. 

TOTAL 

.037 

BASIC 

SECOND 

FINAL 

TOTAL 

.007 

TOOL:  215 

MFG: 

230 


TITLE 


DWG.  NO.  610R116 


MATERIAL 
7050  Aluminum 


CSS 


340 


COMPONENT 

All 


ADV.  MATL. 

Yes 


MFG.  PROCESS 


COMPONENT 


ADV.  METH. 


Forming-Corr.  Stiff. 
Machine 
Adh.  Bonding 
Bolt  Assy 


Skin  Stiff 

No 

Spars 

No 

Skin  to  Stiff 

No 

Skin  to  Spar 

No 

COMMENTS: 

Requires  equipment  development  for  forming  corrugated 
stiffeners . 

Development  of  bonding  laminates  required. 


CONCEPT  RATING 


ADVANCED  TECH 

NOLOGY 

MANUFACTURING 

COST  FACTOR 

MFG. 

MATL. 

TOTAL 

.034 

BASIC 

SECOND 

FINAL 

TOTAL 

.013 

TOOL:  165 

MFG: 

231 


TITLE 


DWG.  NO 


610R-117 


CSS 


340 


MATERIAL 


COMPONENT 


ADV.  MATL. 


7050  Alum 


All 


Yes 


MFG.  PROCESS 

COMPONENT 

ADV.  METH 

Form 

Skins  &  Spars 

No 

Adh.  Bond 

U/L  Skin  Panels 

No 

Bolt  Assy 

Skin-Spars 

No 

COMMENTS: 


Major  problem  is  wide  area  bonding. 


CONCEPT  RATING 


ADVANCED  TECHNOLOGY 

MANUFACTURING 

COST  FACTOR 

MFG. 

MATL. 

TOTAL 

.022 

BASIC 

SECOND 

FINAL 

TOTAL 

.013 

TOOL:  135 

MFG: 

232 


DWG. NO 


610R-118 


TITLE 


CSS 


340 


MATERIAL 
7050  Alum 


COMPONENT 

All 


ADV.  MATL. 

Yes 


MFG.  PROCESS 

COMPONENT 

ADV.  METH 

Form 

Truss  Core  &  Skins 

No 

Extrude  &  Mach. 

Spar  Caps 

No 

Bolt  Assy 

Skin  Panels  to  Spars 

No 

Adhesive  Bond 

Truss  Core  &  Skins 

No 

COMMENTS: 

Assume  corrugation  truss  members  to  be  parallel. 

Major  problem  is  wide  area  bonding. 

Closing  of  box  with  internal  bolts  is  an  assembly  problem. 


CONCEPT  RATING 


ADVANCED  TECH 

NOLOGY 

MANUFACTURING 

COST  FACTOR 

MFG. 

MATL. 

TOTAL 

.026 

BASIC 

SECOND 

FINAL 

TOTAL 

.008 

TOOL:  170 

MFG: 

(See  610R-026) 
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TITLE 


DWG.  NO 


61QR-U9- 

340 


-  CSS 


MATERIAL 


COMPONENT 


ADV.  MATL. 


7050  Alum 


All 


Yes 


MFG.  PROCESS  COMPONENT  ADV.  METH. 


Form 

Laminate  Skins  &  Spars 

No 

II 

Hat  Stiff  &  Spar  Caps 

No 

Adh. 

Bond 

Hats,  Lam.  Skins  &  Spars 

Yes 

Bolt 

Assy 

U.  Skin  &  Spar  Cap 

No 

COMMENTS: 


Wide  area  bonding  of  laminated  skins  and  spars  is  the  major 
problem. 


CONCEPT  RATING 


ADVANCED  TECH 

NOLOGY 

MANUFACTURING 

COST  FACTOR 

MFG. 

MATL. 

TOTAL 

.03 

BASIC 

SECOND 

FINAL 

TOTAL 

.017 

TOOL:  130 

MFG: 

(See  610R-025) 
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610R-120 


TITLE 


DWG.  NO. 
C  S  S 


340 


MATERIAL 

COMPONENT 

ADV.  MATL, 

7050  Alum 

All 

Yes 

MFG.  PROCESS 

COMPONENT 

ADV.  METH 

Form 

Integral  Stiff  Skin 

Yes 

Form 

Skin  Laminates 

No 

Machine 

Spars 

No 

Adhesive  Bond 

Skin  Panels 

Yes 

Bolt  Assy 

U.  Skin  &  Spar 

No 

COMMENTS: 

Forming  of  integral  stiffened  skins  is  a  major  problem.  Assume 
that  stiffeners  will  be  parallel. 

Adhesive  bonding  of  laminated  skin  panels  needs  development. 


CONCEPT  RATING 


ADVANCED  TECH 

NOLOGY 

MANUFACTURING 

COST  FACTOR 

MFG. 

MATL. 

TOTAL 

.041 

BASIC 

SECOND 

FINAL 

TOTAL 

.011 

TOOL:  150 

MFG: 

(See  610R-019-2) 
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SECTION  II. 4 


CATALOG  OF 

CROSS-SECTION  DRAWINGS 
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CROSS-SECTION  CONCEPTS 


FOR  CENTER  SPAR  STATION  140.0 
DRAWING  NO.  610R-000  THROUGH  610R-031 
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CROSS  SECTION  CONCEPT  1  uo±  oo  [ 

TITLE  UUIKiC  StCT/OU»  LUfcLDED  SPA*S  ,  CL'JSTAMT 
DEPTH  5AWDWICM  UPPEE  SKIM,  LAMIUA7ED 
LOWLK'blLIH  UJITH  EXrEZmL  5PAE  CAPS. 
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A  Cony/air  A  erospaco  Division 

DETAIL  A  CFULL  SCALE.)  Fo*t  Worth  0  portion 
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CROSS  SECTION  CONCEPT  \^oe-5Q^ 

title  IAJIMC.  jECT/OfA-  cj  tJDVJltU 
‘VMRiri&D  SATJ D’JUlCU  PPf-cC  5k'//J,  lAft'-.KIt-' 

sriprtiuED  loujlc  pterin. 


T 
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DETAIL  A  (Fl>ll  ‘bCAio 


ALL  SPAEb^KIKVi,  (  ST»FFEx)F£S  BETA  JSL~  UIOOO  Ti  CROSS  SECTION  CONCEPT  UOP.~  OOJ 

Tim  UJIMG  'itCHON  -  LAMINATED  aPACS, 
iULLDED  UPPEJZ  SK/W,  ADHE^IUE.  &CHDED 
SANDWICH  LOUlEE.  3KII0. 
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Convsir  Aerospsc*  Division 

Fott  Wonh  0 pin *>n 
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Fort  Worth  O  port  tom 
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265 


fort  Worth  Oporotton 
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■3IWVNAQ  1VHINIS 
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Fort  Worth  Oofstto* 
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CROSS-SECTION  CONCEPTS 
FOR  CENTER  SPAR  STATION  340.0 
DRAWING  NO.  610R-I00  THROUGH  610R-120 
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CROSS  SECTION  CONCEPT  \6l0&/os& 
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wrAorospoco  Division 

Fort  Worth  Oporou Oft 
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fit  M UMth  CV 
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Fort  Wofth  Opteit ott 
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B1N1RAL  DYNAMtCB 

Convmtr  Afospac*  Division 

fort  Wonh  Ooormio* 
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CROSS  SECTION  CMtCEPT  \mok_  //< 

TITLE  W/ZAJ.j  SEET/OW  ~  CEETANEULAC  TWEE 
PANELS  ,  :UTE£PAl_  SPAC  CAP- 
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fart  Wart*  Oparatian 
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CROSS  SECTION  CONCEPT  \uor- -mt 

mu  IMIMG  ^tCllDU-  FULL  DEPTH 
'bAMDWlCH  ‘hVM  FAMELb  ,  iKJTt^CAL 
LOUJE1Z  5>PAC  CAPS 
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APPENDIX  III 


ANALYTICAL  ASSEMBLY  DRAWINGS 

III.l  SUMMARY 

During  the  third  step  of  the  Concept  Formulation  Phase., 
twenty-three  (23)  Analytical  Assembly  drawings  and  two  (2) 
baseline  Analytical  Assembly  drawings  at  C.S.S.  140.0  and 
C.S.S.  340.0  were  completed.  These  Analytical  Assemblies  were 
based  on  top  ranking  cross-section  concepts  which  were  evalu¬ 
ated  during  the  second  step  of  this  Phase.  The  cross-section 
concepts  are  described  in  Appendix  II,  PHASE  SUMMARY,  CROSS- 
SECTION  DRAWINGS. 

Evaluation  of  the  twenty-five  (25)  Analytical  Assembly 
drawings  was  based  on  a  numerical  Rating  System.  The  revised 
rating  system  plan  is  shown  in  Table  XIX.  Details  of  the 
rating  system  and  description  of  how  the  numerical  values  were 
generated  are  discussed  in  Appendix  II.  A  summary  of  the 
analytical  assembly  evaluation  is  shown  in  Table  XX  and  Table 
XXI. 


III. 2  EVALUATION  AND  RANKING 

The  evaluation  and  ranking  of  each  concept  is  an  important 
part  of  the  design  approach  used  in  this  program.  The  object 
of  this  system  is  to  remove  personnel  opinion  which  may  influ¬ 
ence  a  design  to  insure  that  each  discipline  area  has  an 
opportunity  to  influence  the  design  rating. 

II. 2.1  Rating  System  Review 

The  rating  system  used  in  evaluating  and  ranking  the 
analytical  assembly  drawings  is  identical  to  that  used  for  the 
cross-section  concepts  except  for  rating  values  for  structural 
integrity.  A  complete  discussion  of  the  approach  used  to  imple¬ 
ment  the  rating  system  is  contained  in  Appendix  II,  "Cross- 
Section  Drawings".  The  revised  rating  values  for  structural 
integrity  changed  safe  crack  growth  from  0.2  to  0.3  and  multi¬ 
ple  load  with  from  0.4  to  0.3.  Multiple  load  path  was  also 
redesignated  as  Fail  Safe.  The  basic  elements  of  the  revised 
rating  system  are  shown  in  Table  XIX. 

III. 2. 2  Evaluation  of  Concepts 

During  the  Analytical  Assembly  part  of  the  concept  Formu¬ 
lation  Phase  of  this  program,  twenty-three  (23)  analytical 
assembly  drawings  and  two  (2)  baseline  analytical  assembly 
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RATING  SYSTEM  FOR  THE  ANALYTICAL  ASSEMBLY  DRAWINGS** 
ADVANCED  AIR  SUPERIORITY  FIGHTER  WING  STRUCTURES  PROGRAM 
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*  Service  Life  maintained  at  4000  flight  hours.  Any  design  not  maintaining  this 
life  mill  be  considered  unaccep table. 

**  Revised  rating  system  Jan  1973. 


[CAL  ASSY.  CONCEPTS  CSS  140.0 
EVALUATION  SUMMARY 
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Note  1.  Coat  figures  are  for  evaluation  purposes  only  sad  do  not  include 
General  and  Adnlnistratlve,  Engineering,  Material  burden, 
allocations,  etc. 


ANALYTICAL  ASSY  CONCEPTS  CSS  340.0 
EVALUATION  SUMMARY 
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Note  1.  Not  economically  feasible  to  manufacture 

Note  2.  Coat  figures  are  for  evaluation  purposes  only  and  do  not  Include 
General  and  Administrative,  Engineering,  Material  burden, 
allocations,  etc. 


drawings  were  made.  These  drawings  are  included  in  Section 
III. 3.  The  evaluation  of  these  designs  is  discussed  below 
and  is  summarized  in  Table  XX  and  XXI. 

111. 2. 2.1  Structural  Efficiency 

The  weight  and  cost  totals  and  the  evaluation  score  for 
each  analytical  assembly  are  shown  in  Table  XX  (C.S.S.  140) 
and  Table  XXI  (C.S.S.  340).  The  work  sheets  with  cost  and 
weight  breakdowns  are  shown  in  Section  IV. 4.  The  weight  and 
cost  values  are  based  on  a  48  inch  span. 

To  assure  that  cost  data  for  each  analytical  assembly 
was  comparable,  the  following  costing  ground  rules  were 
established: 

o  1972  rates  were  used.  No  escalation  factors 
were  used. 

/ 

o  Unit  cost  was  based  on  a  total  aircraft 
production  of  506  at  a  rate  of  20/month. 

o  No  general  and  administrative  costs  or 
profit  were  added. 

o  No  engineering  costs  were  included. 

o  Material  costs  used  were  unburdened  (i.e., 
no  factors  were  applied  for  incoming 
freight,  allocations,  etc.). 

o  Standard  costs  were  used  regardless  of  the 
assembly  being  considered  to  prevent  any 
distortion  of  final  results. 

o  Baseline  analytical  assemblies  were  esti¬ 
mated  using  above  ground  rules  and  without 
regard  to  any  of  the  costs,  factors,  and 
learning  curves  used  to  provide  the  base¬ 
line  costs  in  Appendix  VII. 

111. 2. 2. 2  Technology  Advancement 

To  enable  a  thorough  evaluation  of  each  Analytical 
Assembly  for  Technology  Advancement,  a  chart  was  prepared 
showing  the  results  of  each  area  within  Technology  Advance¬ 
ment,  and  the  total  Technology  Advancement  Score.  Values 
for  Assemblies  at  C.S.S.  140  are  shown  in  Table  XXII,  and 
values  for  Assemblies  at  C.S.S.  340  are  shown  in  Table  XXIII. 
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Table  XXII 


EVALUATION  SUMMARY  WORKSHEET 
TECHNOLOGY  ADVANCEMENT 
CSS  140.0 


ASSEMBLY 

NO. 

CONCEPT 

TECH. 

(.09) 

MFG'S 

TECH 

(.09) 

MATL's 

TECH 

(.09) 

FRACTURE 

TECH 

(.03) 

TOTAL 

(.30) 

610RA000 

10 

.009 

0 

0 

40 

.012 

.0210 

610RA001 

100 

.090 

.0824 

80 

.072 

80 

.024 

.2684 

610RA002 

55.6 

.050 

..0900 

40 

.036 

80 

.024 

.2000 

610RA003 

70.0 

.063 

.0354 

40 

.036 

80 

.024 

.1584 

610RA004 

64.4 

.058 

.0584 

100 

.09 

80 

.024 

.2304 

610RA005 

60 

.054 

.0348 

60 

.054 

80 

.024 

.  1668 

610RA006 

95 

.086 

.0231 

60 

.054 

80 

.024 

.1871 

610RA007 

80 

.072 

.0328 

100 

.090 

80 

.024 

.2188 

610RA008 

95 

.086 

.0748 

60 

.054 

80 

.024 

.2388 

610RA009 

60 

.054 

.0260 

40 

.036 

80 

.024 

.1400 

6 10 RAO  10 

90 

.081 

.0167 

60 

.054 

100 

.030 

.1817 

610RA01I 

60 

.054 

.0492 

60 

.054 

80 

.024 

.1812 

610RA012 

80 

.072 

.0246 

80 

.072 

100 

.030 

.1986 

610RA013 

64.4 

.058 

.0368 

60 

.054 

80 

.024 

.1728 
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Table  XXIII 


EVALUATION  SUMMARY  WORKSHEET 
TECHNOLOGY  ADVANCEMENT 
CSS  340.0 


ASSEMBLY 

NO. 

CONCEPT 

TECH. 

MFG'S 

TECH. 

(.09) 

MATL'S 

TECH. 

(.09) 

FRACTURE 

TECH. 

(.03) 

TOTAL 

(.30) 

610RA100 

12.5 

.011 

0 

0 

40 

.012 

.023 

610RA101 

50 

.045 

.0326 

75 

.067 

100 

.030 

.  1746 

610RA102 

50 

.045 

.0218 

75 

.067 

100 

.030 

.1638 

6 10 RA 103 

100 

.09 

.0457 

50 

.045 

80 

.024 

.2047 

610RA104 

75 

.067 

.047 

100 

.090 

100 

.030 

.2340 

610RA105 

100 

.09 

.090 

25 

.023 

80 

•  024 

.2270 

6 10  RA  106 

~67 

.0562 

.0174 

50 

.045 

100 

.030 

.1486~ 

610RA107 

37.5 

.0338 

.0162 

50 

7o45 

Too 

.030 

.1250 

610RA108 

"To 

.0450 

0 

0 

60 

~ .018 

.0630 

610RA109 

~25 

7o23 

.060 

~ 

60 

.018 

.1010 

610RA110 

To 

.045 

.013 

50 

.045 

100 

.030 

.1330 
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A  portion  of  Technology  Advancement  is  Manufacturing 
Technology.  The  worksheets  used  to  evaluate  Analytical 
Assemblies  for  Manufacturing  Technology  are  shown  in  Section 
III. 5. 

111. 2. 2. 3  Integrity  and  Reliability 

The  evaluation  results  of  Analytical  Assemblies  for 
"Integrity  and  Reliablity"  have  been  organized  into  Table 
XXIV  (C.S.S.  140)  and  Table  XXV  (C.S.S.  340)  to  assist  in 
the  evaluation. 

111. 2. 2. 4  Abilities 

The  charts  containing  the  results  of  evaluation  of 
"Abilities"  are  shown  in  Table  XXVI  (C.S.S.  140)  and  Table 
XXVII  (C.S.S.  340).  An  important  segment  accounting  for 
one-half  of  the  "Ability"  rating  is  "Inspectability".  The 
detail  work  sheets  used  for  Inspectability  evaluation  are 
shown  in  Section  III. 6. 

III. 2. 3  Ranking  of  Concepts 

The  results  of  all  the  evaluations  discussed  in  para¬ 
graph  III. 2. 2  were  tabulated  in  Tables  XX  and  XXI.  The 
results  of  the  evaluation  for  each  element  of  the  rating 
system  were  added  together  to  obtain  a  Total  Score.  The 
Assemblies  were  ranked  numerically  with  the  highest  score 
ranked  as  number  1. 

III. 2. 4  Preliminary  Design 

The  concepts  with  the  highest  scores  were  chosen  for 
use  during  Preliminary  Design,  the  fourth  step  in  the  Design 
Approach  being  used  in  this  program.  Assemblies  chosen  for 
preliminary  design  are  identified  in  Tables  XX  and  XXI  by 
circling  the  rank  number.  Additionally,  certain  Assemblies 
were  chosen  for  design  (trade  studies)  of  splicing  two 
different  designs  (inboard  and  outboard)  together.  These 
Assemblies  are  identified  with  an  's’  by  the  rank  number. 
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Table  XXIV 


EVALUATION  SUMMARY  WORKSHEET 
INTEGRITY-RELIABILITY 
CSS  140.0 


ASSEMBLY 

NO. 

STATIC 

(.03) 

FATIGUE 

QUALITY 

(.09) 

SAFE 

CRACK 

GROWTH 

(.09) 

FAIL  SAFE 
(.09) 

TOTALS 

(.30) 

610RA000 

.029 

.041 

.039 

0 

.109 

610RA001 

.017 

.087 

.073 

.025 

.202 

610RA002 

.017 

.085 

.073 

. 

.057 

.232 

610RA003 

.017 

.088 

.088 

. . 

.090 

.283 

610RA004 

.017 

.089 

.073 

.025 

.204 

610RA005 

.017 

.090 

.088 

.090 

.285 

610RA006 

.017 

.088 

.088 

.090 

.283 

610RA007 

.017 

.089 

.073 

.041 

.220 

610RA008 

.017 

.085 

.073 

.041 

.216 

610RA009 

.017 

.086 

.088 

.082 

.273 

610RA010 

.017 

.088 

.088 

.049 

.242 

610RA011 

.017 

.087 

.073 

.041 

.218 

6 10 RAO 12 

.017 

.089 

.073 

.041 

.220 

6 10  RAO  13 

.030 

.049 

.090 

.025 

.194 
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Table  XXV 


EVALUATION  SUMMARY  WORKSHEET 

INTEGRITY- RELIABILITY 
CSS  340.0 


ASSEMBLY 

NO. 

STATIC 

FATIGUE 

QUALITY 

SAFE 

CRACK 

GROWTH 

FAIL  SAFE 

TOTAL 

610RA100 

.017 

.058 

.032 

0 

.107 

610RA101 

.007 

.020 

.021 

0 

.048 

610RA102 

.007 

.024 

.037 

.045 

.113 

610RA103 

.008 

.027 

.043 

.090 

.168 

610RA104 

.006 

.020 

.017 

0 

.043 

610RAI05 

.014 

.072 

.028 

0 

.114 

610RA106 

.030 

.086 

.090 

0 

.206 

610RA107 

.005 

.013 

.014 

0 

.032 

610RA108 

.012 

.024 

.031 

0 

.067 

610RA109 

.016 

.036 

.040 

0 

.092 

610RA110 

.012 

.029 

.035 

0 

.076 
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Table  XXVI 


EVALUATION  SUMMARY  WORKSHEET 
ABILITIES 
CSS  140.0 


ASSEMBLY 

NO. 

INSPECT 

(.05) 

MANUF. 

(.02) 

MAINTAIN 

(.01) 

REPAIR 

(.01) 

PREDICT 

(.01) 

TOTAL 

(.1) 

610RA000 

.050 

.02 

.010 

.010 

.0039 

.0939 

610RA001 

.0344 

.0122 

.0071 

.0056 

.0061 

.0593 

610RA002 

.0375 

.0116 

.0098 

.0097 

.0036 

.0686 

610RA003 

.039 

.0124 

.0084 

.009 

.0058 

.0746 

610RA004 

.037 

.0124 

.0071 

.0076 

.0051 

.0692 

610RA005 

.031 

.0132 

.0097 

.009 

.0029 

.0658 

610RA006 

.0375 

.0160 

.0097 

.009 

.0061 

.0783 

610RA007 

.039 

.0102 

.0089 

.0083 

.0038 

.0702 

610RA008 

.0355 

.0128 

.0073 

.0070 

.0076 

.0702 

610RA009 

.0360 

.0135 

.0097 

.0090 

.0046 

.0728 

610RA010 

.0398 

.0145 

.0092 

.010 

.0017 

.0752 

610RA011 

.0322 

.0110 

.0091 

.0063 

.0057 

.0643 

610RA012 

.0413 

.0124 

.0095 

.0097 

.010 

.0829 

6 10 RAO 13 

.0365 

.0128 

.0071 

.0076 

.0051 

.0691 
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Table  XXVII 


EVALUATION  SUMMARY  WORKSHEET 
ABILITIES 
CSS  340.0 


ASSEMBLY 

NO. 

INSPECT 

(.05) 

MANUF 

(.02) 

MAINTAIN 

(.01) 

REPAIR 

(.01) 

PREDICT 

(.01) 

TOTAL 

(.1) 

610RA100 

.050 

.0165 

.010 

.010 

.0051 

.0916 

610RA101 

.0325 

.0175 

.0084 

.0083 

.0080 

.0747 

610RA102 

.0455 

.0177 

.0079 

.0090 

.0071 

.0872 

610RA103 

.029 

.020 

.0051 

.0057 

.0084 

.0682 

6 10 RA 104 

.0205 

.0142 

.0072 

.0057 

.010 

.0576 

610RA105 

.0345 

.0145 

.0058 

.0057 

.0084 

.0689 

610RA106 

.0295 

.0189 

.0092 

.010 

.0051 

.0727 

610RA107 

.0325 

.0173 

.0083 

.0077 

.0090 

.0748 

610RA108 

.0380 

— 

.0062 

.0077 

.0014 

— 

610RA109 

.0365 

.0146 

.0069 

.0077 

.0051 

.0708 

610RA110 

.0415 

.0123 

.0060 

.0063 

.0030 

.0691 
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SECTION  III. 3 


ANALYTICAL  ASSEMBLY  DRAWINGS 
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SECTION  III. 4 
COST  AND  WEIGHT  WORKSHEETS 


377 


610RA000 


Dash  No. 

Raw  Stock 
Weight 

Finished 

Weight 

Co8t 

(In  Dollars) 

Cost  Breakdown 

Total  Cost 

Mat'  1 

146.77 

Upper 

Skin 

324-0 

130.68 

Mfg 

250.99 

397.76 

-9 

Mat '  1 

146.12 

Lower 

Skin 

324.0 

176.44 

Mfg 

206.15 

352.27 

-11' 

Front 

220.59 

19.25 

Mat 1 1 

- 571774" 

534.30 

Spar 

Mfg 

258.56 

-13 

Mat '  1 

53.39 

Fwd  Aux 

Spar 

91.58 

11.62 

Mfg 

132.02 

185.41 

-15 

Center 

113.72 

11.62 

Mat  *1 

66.30 

223.35 

Spar 

Mfg 

157.05 

-17 

Aft  Aux 

99.36 

11.08 

Mat 1 1 

57. 9$ 

199.95 

Spar 

Mfg 

142.02 

-19 

Mat'l 

71.87 

Rear 

Spar 

141.75 

12.42 

Mfg 

186.16 

258.03 

-1 

Mat'l 

610.06 

Assy 

Tooling 

Mfg 

135.60 

88.95 

834.61 

Total 

384.89 

Mat'l 

Tooling 

Mfg 

1428.18 

135.60 

1421.90 

2985.68 

BASELINE  CONFIGURATION  -  MACHINED  ALUMINUM 


378 


610RA001 


Dash  No. 

Raw  Stock 
Weight 

Finished 

Weight 

Costs 

(in  Dollars 

) 

Cost  Breakdown 

Total  Cost 

-7 

Mat '  1 

1581.10 

Upper 

84.0 

71.2 

1612.70 

Skin 

Mfg 

31.60 

-9 

Mat'  1 

2146.98 

Lower 

81.5 

68.8 

2150.06 

Skin 

Mfg 

3.08 

-11 

Mat '  1 

95.26 

Fwd  Spar 

16.8 

3.04 

235.85 

Uppr  Cap 

Mfg 

140.59 

-13 

Mat '  1 

86.75 

Rear  Spar 

15.3 

2.08 

221.82 

Uppr  Cap 

Mfg 

135.07 

-15 

Mat'l 

40.71 

Fwd  Spar 

7.18 

1.86 

102.72 

Lwr  Cap 

Mfg 

62.01 

-17 

Mat'l 

40.71 

Rear  Spar 

7.18 

1.92 

102.02 

Lwr  Cap 

Mfg 

61.31 

-19 

Mat'l 

30.20 

Fwd  Spar 

1.65 

1.39 

31.27 

Web 

Mfg 

1.07 

-21 

Mat'l 

35.06 

Rear  Spar 

1.71 

1.57 

36.13 

Web 

Mfg 

1.07 

-23 

Mat'l 

526.24 

Multi-Cell 

52.0 

37.8 

743.42 

Aaay 

Mfg 

217.18 

-25 

Mat'l 

25.38 

Angle 

1.75 

1.68 

26.45 

Mfg 

1.07 

-27 

Mat'l 

23.35 

Angle 

1.61 

1.55 

24.42 

Mfg 

1.07 

Low  Temp 

Braze  Alloy 

3.88 

3.69 

Mat'l 

183.87 

183.87 

-1 

Mat'l 

Assy 

Tool. 

324.19 

1744.58 

Mfg 

1420.39 

TOTAL 

Mat'l 

4815.61 

195.0 

Tool 

324.19 

7215.31 

Mfg 

2075.51 

MULTI-WET  CELL  CONSTRUCTION  -  TITANIUM 


379 


610RA002 


Dash  No. 

Raw  Stock 
Weight 

Finished 

Weight 

Costs  (in  Dollars) 

Cost  Breakdown 

Total  Cost 

-7 

Mat '  1 

• 

1,590.00 

Upp'r 

158.7 

87.08 

1750.87 

Panel 

Mfg 

160.87 

-9 

Mat '  1 

mm 

480.00 

Fwd 

78.6 

11.53 

894.69 

Spar 

Mfg 

- 

414.69 

-11 

Mat '  1 

189.00 

Fwd  Aux 

15.1 

10.03 

247.40 

Spar 

Mfg 

• 

58.40 

-13 

Mat '  1 

- 

206.00 

Center 

16.2 

10.42 

264.40 

Spar 

Mfg 

- 

58.40 

-15 

Mat 1 1 

- 

220.00 

Aft  Aux 

17.0 

9.93 

278.40 

Spar 

Mfg 

- 

58.40 

-17 

Mat '  1 

- 

231.00 

Aft 

29.2 

9.08 

641.73 

Spar 

Mfg 

- 

410.73 

-19 

Mat '  1 

- 

2,208.00 

Lower 

185.7 

81.71 

2383.58 

Panel 

Mfg. 

- 

175.58 

-1 

Mat '  1 

• 

252.00 

4574.37 

Assy 

Tool 

- 

2,370.71 

Mfg 

- 

1,951.66 

TOTAL 

219.78 

Mat '  1 

- 

5,376.00 

11,035.44 

Pounds 

Tool 

- 

2,370.71 

Mfg 

- 

3,288.73 

BRAZED  SANDWICH  SKINS  WITH  TRUSS  MEMBER  CORE 

TITANIUM 


380 


6 10 RAOO 3 


Dash  No 

Raw  Stock 
Weight 

Finished 

Weight 

Costs  (in  Dollars) 

Cost  Breakdown 

Total  Cost 

-7 

Front 

Spar 

246.19 

15.09 

Mat ' 1  -  257.27 

Mfg  -  290.25 

547.52 

-9 

FWd  Aux 
Spar 

95.04 

16.16 

Mat'l  -  265.16 

Mfg  -  131.35 

396.51 

-11 

Center 

Spar 

103.77 

17.04 

Mat'l  -  289.52 

Mfg  -  140.76 

430.28 

-13 

Aft  Aux 
Spar 

95.76 

13.41 

Mat'l  -  267.17 

Mfg  -  135.97 

403.14 

-15 

Rear 

Spar 

249.50 

9.87 

Mat'l  -  260.73 

Mfg  -  232.55 

493.28 

-3 

Lower 

Panel 

85.60 

82.67 

Mat J 1  -  119.76 

Mfg  -  499.49 

619.25 

-5 

Upper 

Panel 

213.71 

116.49 

Mat'l  -  265.24 

Mfg  -  730.16 

995.40 

-55 

Spar  Cap 

3.41 

2.17 

Mat'l  -  9.51 

Mfg  -  6.17 

15.68 

-57 

Spar  Cap 

3.73 

2.45 

Mat'l  -  10.41 

Mfg  -  6.17 

16.58 

-59 

Spar  Cap 

3.41 

2.17 

Mat'l  -  9.51 

Mfg  -  6.17 

15.68 

-1 

Assy 

6.4; 

Mat'l  -  334.25 
Tool  -  175.59 

Mfg  -  111.68 

621.52 

Total 

283.93 

Mat'l  2,088.53 

Tool  175.59 

Mfg  2,290.72 

4554.84 

LAMINATED  LOWER  AL  SKIN  WITH  MACHINED  STEPPED 
SPAR  CAPS:  BONDED  H'COMB  UPPER  PANEL  (AL) 


381 


610RA004 


Dash  No. 

Raw  Stock 

Finished 

Cost 

(in  Dollars) 

Weight 

Weight 

Cost  Breakdown 

Total  Cost 

-3 

Skin  Panel 

213.71 

113.12 

Mat'l 

257.49 

987.65 

Assy 

Mfg 

730.16 

-5 

Mat'l 

145.45 

Beam 

Assy 

11.10 

6.95 

Mfg 

82.33 

227.78 

-7 

Beam 

13.643 

6.87 

Mat'l 

179.83 

282.23 

Assy 

Mfg 

102.40 

-9 

Mat'l 

201.34 

Beam 

Assy 

15.411 

8.71 

Mfg 

99.81 

301.15 

-11 

Mat'l 

172.02 

Beam 

Assy 

13.225 

7.82 

Mfg 

99.81 

271.83 

-13 

Beam 

14.23 

6.83 

Mat  *  1 

190.94 

286.96 

Assy 

Mfg 

96.02 

-15 

Mat  *  1 

224.37 

Skin 

Assy 

19.74 

18.05 

Mfg 

118.28 

342.65 

-17 

Skin 

17.65 

18.03 

Mat'l 

231.31 

349.59 

Assy 

Mfg 

118.28 

-19 

Mat'l 

208.76 

Skin 

15.59 

17.27 

327.80 

Assy 

Mfg 

119.04 

-21 

Mat'l 

163.28 

Skin 

Assy 

11.41 

10.56 

Mfg 

118.28 

281.56 

-63 

Mat'l 

6.34 

Spar 

Cap 

3.41 

2.17 

Mfg 

6.17 

12.51 

-65 

Mat'l 

6.94 

Spar 

Cap 

3.73 

2.45 

Mfg 

6.17 

13.11 

-67 

Mat'l 

6.34 

Spar 

Cap 

3.41 

2.17 

Mfg 

6.17 

12.51 

(Continued) 


ALUMINUM  HONEYCOMB  SANDWICH  UPPER  PANEL  -  TITANIUM  BLADE 
STIFFENED  PLANK  LOWER 


382 


Dash  No. 

Raw  Stock 
Weight 

Finished 

Weight 

Cost  (In  Dollars) 

j  Cost  Breakdown 

Total  Cost 

-107 

Angle 

1.35 

1.06 

"ptat'l  19.58 

Mfg  1.07 

20.65 

-109 

Angle 

1.73 

1.46 

|  Mat'l  25.09 

|  Mfg  1.07 

26.16 

-111 

Angle 

1.28 

1.05 

Matll  21.06 

Mfg  1.07 

22.13 

-113 

Angle 

1.62 

1.32 

TMat'l  23.45 

Mfg  1.07 

24.56 

-115 

Angle 

1.28 

1.05 

Mat '1  21.06 

Mfg  1.07 

22.13 

-117 

Angle 

1.28 

1.05 

Mat '1  21.06 

Mfg  1.07 

22.13 

-119 

Angle 

1.35 

1.05 

Mat'l  19.58 

LMfg  1.07 

20.65 

-121 

Spar 

Cap 

3.24 

2.88 

'Mat'l  5753“ 

Mfg  6.17 

12.20 

-123 

Stiff 

5.37 

2.77 

Mat'l  88.34 

Mfg  22.65 

110.99 

-125 

Brace 

22.62 

1.086 

Mat'l  142.05 

Mffc  124.48 

266.53 

-127 

Brace 

22.80 

1.095 

Mat'l  143.18 

Mfg  124. 49 

267.67 

-129 

Brace 

23.61 

1.137 

Mat'l  148.27 

Mfg  124.49 

272.76 

-131 

Brace 

22.95 

1.089 

Mafl  144.13 

Mfg  124.48 

268.61 

-133 

Clip 

.804 

.288 

Mat’l  92.45 

Mfg  2.31 

94.76 

ALUMINUM  HONEYCOMB  SANDWICH 
STIFFENED  PLANK  LOWER 


(Continued) 

UPPER  PANEL  -  TITANIUM  BLADE 


383 


610RA004  (Continued) 


Dash  No. 

Raw  Stock 
Weight 

Finished 

Weight 

Cost  (in  Dollars) 

Cost  Breakdown 

Total  Cost 

-1 

Assy 

19.00 

Mst'l  359.89 
Tooling  2132.90 
Mfg  1934.02 

4426.81 

TOTAL 

249.937 

Mat '1  3269.67 
Tooling  2132.90 
Mfg  4173.50 

9576.07 

ALUMINUM  HONEYCOMB  SANDWICH  UPPER  PANEL  -  TITANIUM  BLADE 
STIFFENED  PLANK  LOWER 


384 


610RA005 


Dash  No. 

Raw  Stock 
Weight 

Finished 

Weight 

Cost 

(In  Dollars) 

Cost  Breakdown 

Total  Cost 

-3 

Mat'  1 

166.05 

Upper 

150.02 

119.26 

191.86 

Skin  Assy 

Mfg 

25.81 

-5 

Mat'  1 

169.67 

Lower 

121.96 

105.66 

183.56 

Skin  Assy 

Mfg 

13.89 

-87 

Mat'  1 

59.07 

Front  Spar 

20.839 

11.30 

113.61 

Assy 

Mfg 

54.54 

-89 

Front  Aim 

17.664 

13.38 

Mat '  1 

51.68 

106.00 

Spar  Assy 

Mfg 

54.32 

-91 

Mat*  1 

52.99 

Center  Spar 

18.042 

13.74 

107.31 

Assy 

Mfg 

54.32 

-93 

Mat '  1 

52.23 

Aft  Aux 

17.759 

13.44 

106.55 

Spar 

Mfg 

54.32 

-95 

Mat1 1 

85.03 

Rear  Spar 

30.057 

13.29 

139.57 

Assy 

Mfg 

54.54 

-79 

Mat 1 1 

6.61 

Beam 

2.37 

1.31 

12.55 

Mfg 

5.94 

•  8 1 

Mat '  1 

6.61 

Beam 

2.37 

1.31 

12.55 

Mfg 

5.94 

-83 

Mat  4 

6.61 

Beam 

2.37 

1.30 

12.55 

Mfg 

5.94 

-85 

Mat'l 

6.61 

Beam 

2.37 

1.30 

12.55 

Mfg 

5.94 

-1 

Mat'  1 

”294  .'74 

Assy 

5.58 

Tooling 

231.79 

2019.92 

Mfg 

1493.39 

Mat’l 

957.90 

TOTAL 

300.88 

Tooling 

231.79 

3018.58 

Mfg 

1828.89 

ADHESIVE  BONDED  LAMINATED  LWR  SKIN  -  HAT  SIPF. 
UPPER  SKIN  ALUMINUM 


385 


61 0RA006 


ni  ou  iia 

RAW  STOCK 

FINISHED 

COST  (IN  DOLLARS) 

1/AuH  PlU  • 

WEIGHT 

WEIGHT 

COST  BREAKDOWN 

TOTAL  COST 

-3 

Mat'l 

Spar* Skin 

Assy 

.12 

Mfg 

479.18 

479.18 

-801 

Mat'! 

1038.76 

Lvr  Surf 

Assy 

682.02 

142.33 

Mfg 

762.11 

1798.81 

-803 

Mat'l 

34.01 

FVd  Aux 

Spar  Assy 

12.12 

8.91 

Mfg 

26.62 

60.64 

-805 

Mat'l 

35.16 

Canter 

Spar  Assy 

12.53 

9.49 

Mfg 

26.63 

61.79 

-807 

Aft  Aux 

11.94 

8.7$ 

Mat'l 

33.51 

60.13 

Spar  Assy 

Mfg 

26.62 

-85 

Mat'l 

236.32 

Upper 

Skin 

202.5 

122.82 

Mfg 

132.68 

369.00 

-1 

Mat'l 

251.51 

Assy 

4.48 

Tooling 

198.42 

514.19 

Mfg 

64.26 

296.94 

Mat'l 

1627.22 

TOTAL 

Tooling 

198.42 

3343.74 

Mfg 

1518.10 

LAMINATED  LWR  SKIN/STEPPED  SPAR  CAPS:  PLATE  UPPER  SKIN 
CORRUGATED  SPAR  WEBS  -  ALUMINUM 


386 


610RA007 


Dash  No. 

Raw  Stock 
Weight 

Finished 

Weight 

Costs  (in  Dollars) 

C08t 

Breakdown 

Total  Cost 

-7 

Mat '  1 

mm 

935.54 

Upper 

92.72 

79.49 

1,001.04 

Panel 

Mfg 

- 

65.50 

-9 

Mat'l 

- 

178.52 

Fwd 

15.44 

10.01 

284.56 

Spar 

Mfg 

- 

106.04 

-11 

Mat'l 

• 

238.08 

Fwd  Aux 

18.20 

9.84 

407.40 

Spar 

Mfg. 

- 

169.32 

-13 

Mat'l 

• 

264.00 

Center 

19.98 

10.51 

424.28 

Spar 

Mfg 

- 

160.28 

-15 

Mat'l 

• 

248.83 

Aft  Aux 

18.99 

9.89 

395.55 

Spar 

Mfg 

- 

146.72 

-17 

Mat'l 

- 

178.82 

Aft 

14.35 

8.62 

311.98 

Spar 

Mfg. 

- 

133.16 

-19 

Mat'l 

- 

1,648.02 

Lower 

105.63 

89.37 

2238.01 

Panel 

Mfg. 

- 

589.99 

-165  thru 

2.83 

2.37 

Mat'l 

- 

100.80 

-187 

each 

each 

348.96 

RIB  1 

33.96 

28.44 

Mfg 

- 

248.16 

thru 

total 

total 

RIB  12 

-1 

“Mat'l 

- 

617.05 

Assy 

Tool 

- 

1307.49 

4064.88 

Mfg. 

- 

2140.34 

TOTAL 

246.17 

9476.66 

ADHESIVE  BONDED  LAMINATED  SKINS  WITH  BONDED  HAT 
STIFFENERS  -  TITANIUM 
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610RA008 


Dash  No. 

Raw  Stock. 

Finished 

Costs 

(in  Dollars 

) 

Weight 

Weight 

Cost  Breakdown 

Total  Cost 

-7 

Upper 

58.41 

47.79 

Mat 1 1 

1198.89 

1209.58 

Panel 

Mfg 

10.69 

-9 

Lower 

39.45 

38.61 

Mat  '1 

613.14 

621.69 

Panel 

Mfg 

8.55 

-11 

Mat '  1 

229.78 

Fwd 

31.44 

12.41 

327.46 

Spar 

Mfg 

97.68 

-13 

Rear 

31.86 

12.51 

Mat '  1 

244.27 

341.95 

Spar 

Mfg 

97.68 

-15 

Truss 

12.95 

11.89 

Mat 1 1 

169.22 

230.61 

Assy 

Mfg 

61.39 

-17 

Truss 

13.07 

12.03 

Mat '  1 

170.95 

232.34 

Assy 

Mfg 

61.39 

-19 

Truss 

13.24 

12.16 

Mat '  1 

173.40 

234.79 

Assy 

Mfg 

61.39 

-21 

Truss 

13.20 

12.14 

Mat '  1 

172.82 

234.21 

Assy 

Mfg 

61.39 

-23 

Truss 

13.19 

12.12 

Mat '  1 

172.68 

234.07 

Assy 

Mfg 

61.39 

-25 

Truss 

13.17 

12.10 

Mat '  1 

172.39 

233.78 

Assy 

Mfg 

61.39 

-27 

Truss 

13.09 

12.04 

Mat  *  1 

171.24 

232.63 

Assy 

Mfg 

61.39 

-29 

Mat '  1 

43.99 

Dla 

2.65 

2.63 

54.93 

Tube 

Mfg 

10.94 

-1 

Mat  '1 

620.80 

Assy 

2.51 

Tooling 

8659.56 

10,779.12 

Mfg 

1498.76 

TOTAL 

200.94 

Mat '  1 

4153.57 

Tooling 

8659.56 

14,967.16 

Mfg 

2154.03 

”*:iAr'TJl  1  TUBE  STIFFENED  PANEL,  INTEGRAL  SPAR  CAP, 
D  SPAR  -  TITANIUM 
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610RA009 


Cost  (in  Dollars) 

Dash  No. 

Raw  Stock 

Finished 

Cost  Breakdown 

Total  Cost 

Weight 

Weight 

-45 

Front 

238.10 

14.85 

Mat'  1 

- 

248.81 

529.20 

Spar 

Mfg 

- 

280.39 

-47 

Mat'  1 

- 

304.11 

Fwd  Aux 
Spar 

109.00 

10.14 

Mfg 

- 

153.47 

457.58 

-49 

Center 

128.85 

11.75 

Mat '  1 

- 

359.49 

533.02 

Spar 

Mfg. 

- 

173.53 

-51 

Aft  Aux 

115.14 

9.95 

Mat '  1 

- 

321.24 

483.05 

Spar 

Mfg 

mm 

161.81 

-53 

Mat '  1 

- 

270.86 

Rear 

Spar 

259.20 

10.46 

Mfg 

_ 

305.39 

576.25 

-3 

Skins  & 

98.90 

94.55 

Mat  *  1 

• 

133.13 

150.23 

Adhesive 

Mfg. 

- 

17.10 

-5 

Upper 

214.22 

134.77 

Mat'  1 

*■ 

241.86 

399.26 

Skin 

Mfi 

- 

157.40 

-39 

2.90 

2.04 

Mat '  1 

- 

8.09 

8.09 

-41 

2.88 

2.02 

Mat'  1 

- 

8.04 

8.04 

-43 

2.88 

2.02 

Mat '  1 

- 

8.04 

8.04 

-1 

Mat 1 1 

mm 

395.32 

Assy 

7.45 

Tool 

- 

199.13 

1624.68 

Mfg 

- 

1030.23 

TOTAL 

300.0 

Mat '  1 

- 

2298.99 

Tool 

- 

199.13 

4777.44 

Mfg 

- 

2279.32 

MODIFIED  TRIANGLE  CORE,  ADHESIVES  BONDED  ALUMINUM 
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610 RAO 10 


Dash  No. 

Raw  Stock 
Weight 

Finished 

Weight 

Cost  (in  Dollars) 

Cost 

Breakdown 

Total  Cost 

-7 

Mat '1 

220.22 

Upper 

182.3 

120.35 

384.85 

Panel 

Mfg 

- 

164.63 

-9 

Mat'l 

•m 

33.04 

Fwd 

14.76 

8.353 

79.32 

Spar 

Mfg 

- 

46.28 

-11 

Mat'l 

. 

21.29 

Fwd  Aux 

11.35 

8.037 

47.11 

Mfg 

- 

25.82 

-13 

Mat'l 

_ 

21.78 

Center 

11.758 

8.192 

47.60 

Spar 

Mfg 

- 

25.82 

-15 

Mat'l 

- 

21.72 

Aft  Aux 

11.708 

7.999 

47.54 

Spar 

Mfg 

- 

25.82 

-17 

iMat'l 

• 

21.66 

Aft 

10.64 

7.033 

47.37 

Spar 

Mfg 

- 

25.71 

-19 

Mat'l 

• 

285.26 

Lower 

207.779 

133.096 

571.94 

Panel 

Mfg 

- 

286.68 

-1 

Mat 1 1 

• 

177.05 

Assy 

-- 

— 

Tool 

240.66 

1676.37 

Mfg 

- 

1258.66 

TOTAL 

293.06 

Mat'l 

• 

802.02 

Tool 

- 

240.66 

2902.10 

Mfg 

* 

1859.42 

ALUMINUM  HONEYCOMB  PANEL  UPPR  &  LWR;  INTEGRAL  LWR  SPAR  CAPS 

ADHESIVE  BONDED 
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610RA011 


Dash  No. 

Raw  Stock 

Finished 

Cost 

(in  Dollars) 

Weight 

Weight 

Cost  Breakdown 

Total  Cost 

-7 

Mat '  1 

1425.39 

Upper 

92.58 

82.84 

1538.58 

Panel 

Mfg 

113.19 

-9 

Mat1 1 

1603.05 

Lower 

117.49 

84.48 

2095.46 

Panel 

Mfg 

492.41 

-11 

Mat ' 1 

192.33 

Front 

18.03 

9.53 

277.09 

Spar 

Mfg 

84.76 

-13 

Mat 1 1 

226.50 

Front  Aux. 

17.83 

8.80 

275.86 

Spar 

Mfg 

49.36 

-15 

Mat'  1 

238.33 

Center 

22.27 

9.54 

287.69 

Spar 

Mfg 

49.36 

-17 

Mat 1 1 

228.65 

Aft  Aux. 

21.42 

8.47 

278.01 

Spar 

Mfg 

49.36 

-19 

Mat  *  1 

222.54 

Rear 

22.73 

10.64 

296.57 

■■  -SPag 

Mfg 

74.03 

-127 

Mat'  1 

69.63 

Bhd 

1.30 

4.24 

81.09 

Mfg 

11.46 

-129 

Mat '  1 

77.90 

Bhd 

1.46 

5.00 

89.36 

Mfg 

11.46 

-131 

Mat '  1 

77.90 

Bhd 

1.46 

4.96 

89.36 

Mfg 

11.46 

-133 

Mat'l 

77.90 

Bhd 

1.39 

4.68 

89.36 

Mfg 

11.46 

-151 

Mat'l 

16.55 

Clip 

2.70 

.93 

34.10 

Mfg 

17.55 

-153 

Mat'l 

51.49 

Clip 

8.40 

2.80 

104.14 

Mfg 

52.65 

-1 

Mat'l 

569.23 

Assy 

2.79 

Tooling 

456.86 

2810.08 

Mfg 

1783.99 

Mat'l 

5077.39 

TOTAL 

239.70 

Tooling 

456.86 

8346.75 

Mfg 

2812.50 

. 

BULBED  TEE  STIFFENED  SKIN  -  TITANIUM 
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610RA012 


Raw  Stock 

Finished 

Cost  (in  Dollars) 

Dash  No. 

Weight 

Weight 

Cost  Breakdown 

Total  Cost 

-1 

Fwd  Aux 

19.675 

8.274 

Mat  '1 

205.73 

328.60 

Spar 

Mfg 

122.87 

-3 

Center 

20.104 

9.403 

Mat 1 1 

214.92 

337.79 

Spar 

Mfg 

122.87 

-5 

Aft  Aux 

20 . 104 

8.819 

Mat  *  1 

215.10 

337.97 

Spar 

Mfg 

122.87 

-801 

Front 

24.714 

9.723 

Mat '  1 

235.12 

317.84 

Spar 

Mfg 

82.72 

-603 

Rear 

24.93 

10.489 

Mat  *  1 

222.92 

305.64 

Spar 

Mfg 

82.72 

-805 

Lower 

103.308 

80.822 

Mat '  1 

1425.22 

1980.18 

Skin 

# 

Mfg 

554.96 

-807 

Mat  *  1 

1909.08 

Upper 

Skin 

184.095 

96.853 

Mfg 

891.55 

2800.63 

-809 

Mat '  1 

212.64 

Assy 

15.54 

Tooling 

331.62 

634.42 

Mfg 

90.16 

TOTAL 

239.92 

Mat '  1 

4640.73 

Tooling 

331.62 

7043.07 

Mfg 

2070.72 

ADHESIVE  BONDED  HONEYCOMB  SANDWICH  SKINS  AND  SPAR  WEBS 

TITANIUM 
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610RA013 


q  h  Nn 

Raw  Stock 

Finished 

Cost 

(In  Dollars) 

Weight 

Weight 

Cost  Breakdown 

Total  Cost 

-3 

Mat'  1 

257.49 

Skin  Panel 

213.86 

113.12 

987.65 

Assy 

Mfg 

730.16 

-5 

Mat '  1 

1^6.40 

Beam 

17.031 

7.76 

221.52 

Assy 

Mfg 

85.12 

-7 

Mat'  1 

169.51 

Beam 

21.163 

9.25 

274.70 

Assy 

Mfg 

105.19 

-9 

Mat'l 

178.46 

Beam 

22.161 

10.37 

281.06 

Assy 

Mfg 

102.60 

-11 

Mat'l 

120.45 

Beam 

13.225 

10.13 

223.05 

Assy 

Mfg 

102.60 

-13 

Mat'l 

171.02 

Beam 

20.595 

8.13 

269.84 

Assy 

Mfg 

98.82 

-15 

Mat'l 

201.03 

Skin 

27.15 

21.84 

319.31 

Assy 

Mfg 

118.28 

-17 

Mat'l 

197.55 

Skin 

26.52 

21.92 

315.83 

Assy 

Mfg, 

118.28 

-19 

rMat'l 

202.14 

Skin 

26.55 

23.61 

321.18 

Assy 

Mfg 

119.04 

-21 

Mat'l 

174.76 

Skin 

23.05 

13.17 

293.04 

Assy 

Mfg 

118.28 

-63 

Mat'l 

6.34 

Spar 

3.41 

2.17 

12.51 

-Gag - 

Mfg 

6.17 

-65 

"Mat1! - 

6.94 

Spar 

3.73 

2.45 

13.11 

Cap 

Mfg 

6.17 

-67 

Mat  *  1 

6.34 

Spar 

3.41 

2.17 

12.51 

Cap 

Mfg 

6.17 

-121 

Mat'l 

6.03 

Spar 

3.24 

12.20 

Cap 

Mfg 

6.17 

(Conti 

nued) 

ALUMINUM  HONEYCOMB  SANDWICH  UPPER  PANEL-BLADE 
STIFFENED  PLANK  LOWER  -  6A1-4V  TITANIUM 
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k 


610RA013 


Raw  Stock 

Finished 

Cost 

(In  Dollars) 

Dash  No. 

Weight 

Weight 

Cost  Breakdown 

Total  Cost 

-123 

Mat*  1 

67.39 

Stiff 

5.37 

2.87 

Mfg  . 

22.65 

90.04 

-125 

Mat  1 

107.45 

Brace 

22.62 

1.11 

Mfg 

124.48 

231.93 

-127 

Mat'  1 

131.10 

Brace 

22.80 

1.12 

Mfg 

124.49 

255.59 

-  129 

Mat  *  1 

135.76 

Brace 

23.61 

| 

1.16 

Mfg 

124.49 

260.25 

1  'll 

* '  JL  A 

Mat '  1 

131.96 

Brace 

! 

.  .. . _  _ j 

22.95 

1.13 

Mfg 

124.48 

256.44 

-133 

Mat }  1 

70.53 

Clip 

.45 

Mfg 

2.31 

72.84 

-i 

Mat1 1 

359.89 

A  ii«y 

Tooling 

596.45 

2036.42 

Mfg 

1080.08 

TOTAL 

Mat '  1 

2838.54 

6761.02 

267.36 

Tooling 

596.45 

Mfg 

3326.03 

ALUMINUM  HONEYCOMB  SANDWICH  UPPER  PANEL  BLADE 
STIFFENED  PLANK  LOWER  -  6A1-4V  TITANIUM 
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DRAWING  610RA100 


Dash  No. 

Raw  Stock 
Weight 

Finiahed 

Weight 

Coet 

(In  Dollars) 

Coet  Breakdown 

Total  Cost 

-7 

Mat'l 

42.23 

Upper 

65.7 

20.69 

131.79 

Skin 

Mfg 

89.56 

-9 

Mat'l 

42.23 

Lower 

65.7 

17.87 

135.38 

Skin 

Mfg 

93.15 

-11 

H.t'1 

— or 

Front 

123.0 

7.31 

263.33 

-JBS£ 

Mfg 

171.43 

-13 

Mat'l 

- 3539“ 

Fed  Aux 

-52.5 

3.38 

130.66 

— 

Mfg 

94.27 

-15 

Mat'l 

"ior 

Center 

56.7 

3.37 

139.40 

Sper 

Mfg 

100.10 

-17 

Mat'l 

- 305” 

Aft  Aux 

52.5 

3.64 

130.85 

— SS££ 

Mfg 

94.46 

-19 

M.t'1 

36.14 

Reer 

81.0 

5.75 

183.57 

Spar 

Mfg 

127.43 

-1 

Mat'l 

436.60 

A«»y 

7.16 

Tooling 

106.83 

731.03 

Mfg 

167.60 

Total 

69.17 

Mat'l 

801.18 

Tooling 

106.83 

1846.01 

Mfg 

938.00 

A 


BASELINE  CONFIGURATION ,  MACHINED  ALUMINUM 
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610RA101 


Raw  Stock 

Finished 

C08t 

(In  Dollars) 

3aah  No. 

Weight 

Weight 

Coat  Breakdown 

Total  Cost 

-3 

Mat'  1 

Spar-Skin 

m  m 

-- 

Aliy 

Mfg 

326.70 

-7 

Mat  rI 

104. $0 

Front 

100.00 

4.27 

254.46 

Spar 

Mfg 

149.96 

-9 

MatT 

103.77 

Rear 

99.30 

4.75 

251.89 

Spar 

Mfg 

148.12 

“m - 

Mat'  1 

3.65 

Doubler 

2.41 

2.04 

4.75 

Mfg 

1.13 

-l3  “ 

Mat  '  1 

.26 

Doubler 

.13 

.096 

1.37 

Mfg  

1.11 

-15 

Mat'l 

.20 

Doubler 

.10 

.065 

7.44 

Mfg,  

7.24 

-17 

Mat'l 

~7TT 

Doubler 

.14 

.098 

3.38 

Mfg 

3.10 

TT5 - 

Mat1! 

T3T 

Doubler 

.17 

.129 

3.44 

Mfg 

3.10 

"TJI - - 

Mat  1 

“7551 

Doubler 

.21 

.177 

1.45 

Mfg 

1.03 

-23 

MaFT 

•  36 

Doubler 

.18 

.139 

1.47 

Mfg 

i.n 

-25 

Mat'l 

2765 

Hat 

2.40 

.800 

8.83 

Mfg 

6.18 

-27 

Mat  1 

3.04 

Hat 

2.76 

.888 

4.58 

.  Mfg- 

1.54 

-29 

Mat'l 

2  .62 

Hat 

2.56 

.840 

4.36 

Mfg  

1.54 

Mat'l 

or 

Hat 

2.70 

.874 

4.52 

Mfg 

1.54 

-51 

Mat  *  1 

.'32 

Rib  Web 

.21 

.128 

2.69 

Mfg 

2.37 

-53 

Mat'  1 

73T 

Rib  Web 

.20 

.121 

2.67 

_ _ l . 

1  Mf* 

2.37 

'•  A0HK3IVE  BOMDKD  HAT  oil*.  -MBK8,  A  UMIHUM  (Coat’d) 
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610RA101  (Cont'd) 


Dash  No. 

Raw  Stock 

Finished 

Cost 

(In  Dollars) 

Weight 

Weight 

Cost  Breakdown 

Total  Cost 

-55 

Support 

.84 

.250 

Mat'  1 

.93 

35.80 

Mfg 

34.87 

-57 

Support 

.88 

.265 

Mat '1 

"T9T 

35.85 

Mfg, 

34.88 

-59 

Mat 1 1 

.08 

Support 

.06 

.039 

Mfg. 

4.26 

4.34 

-SI 

Mat' I 

.08 

Support 

.06 

.037 

Mfg 

4.26 

4.34 

"-■53  . 

Mat 1 1 

Stiff 

.05 

.035 

Mfg 

8.56 

8.62 

-64 

Mat'  1 

.06 

Stiff 

.05 

.035 

Mfg 

1.07 

1.13 

-65 

Mat 11 1 

Stiff 

.03 

.017 

Mfg 

1.07 

1.11 

-67 

Center  Spar 

.92 

.691 

Mat'l 

1.38 

3.51 

Web 

Mfg 

2.13 

-69 

Mat'  1 

5.63 

Spar  Cap 

5.40 

.613 

Mfg 

33.92 

39.60 

-33 

Mat 1 1 

.79 

Doubler 

.72 

.520 

Mfg  ^ 

1.78 

2.57 

-35 

Mat  1 

.94 

Doubler 

.85 

.650 

Mfg  

8.97 

9.91 

-37 

Mat' I 

.83 

Doubler 

.75 

.550 

Mfg 

1.78 

2.61 

-39 

Doubler 

.77 

.570 

Mat'l 

.85 

2.63 

Mfg 

1.78 

-5 

Skin  Panel 

16.26 

Mat'l 

44.33 

83.61 

Assy 

Mfg 

38.68 

Mat'l 

n.3o 

Adhesive 

2.26 

Mfg 

11.30 

(Coat'd) 


ADHESIVE  BONDED  HAT  STIFFENERS ,  ALUMINUM 
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610RA101  (Cont'd 


Dash  No. 

Raw  Stock 
Weight 

Finished 

Weight 

Cost  (In  Dollars) 

Cost  Breakdown 

Total  Cost 

-1 

Assy 

4.278 

Mat *1  491.76 
Tooling  230.49 
Mfg  620.42 

1342.67 

TOTAL 

51.12 

rM«tT  786.54 i 

Tooling  230.49 
Mfg  1129.87 

2146.90 

ADHESIVE  BONDED  HAT  STIFFENERS,  ALUMINUM 
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610RA102 


Dash  No. 

Raw  Stock 
Weight 

Finished 

Weight 

Cost  (in  Dollars) 

Cost  Breakdown 

Total  Cost 

-7 

Mat'  1 

- 

29.96 

Upper 

9.868 

9.371 

39.74 

Panel 

Mfg 

- 

9.78 

-9 

Mat '  1 

58.29 

Fwd 

55.19 

5.914 

111.32 

Spar 

Mfg 

- 

53.03 

-11 

Mat '  1 

• 

54.12 

Fwd  Aux 

50.786 

4.938 

124.74 

Spar 

Mfg 

m 

70.62 

-13 

Mat '  1 

54.12 

Aft  Aux 

50.786 

4.916 

124.74 

Spar 

Mfg 

- 

70.62 

-15 

Mat '1 

• 

58.38 

Aft 

55.19 

5.906 

111.41 

Spar 

Mfg 

- 

53.03 

-17 

Mat '  1 

29.47 

Lower 

9.58 

8.794 

48.98 

Panel 

Mfg 

- 

19.51 

-1 

Mat '  1 

838.66 

Assy 

12.626 

— 

Tool 

- 

199.23 

2152.07 

Mfg 

1114.18 

TOTAL 

<m  m 

39.83 

Mat'l 

-  - 

1123.00 

Tool 

- 

199.23 

2713.00 

Mfg. 

- 

1390.77 

SANDWICH  SKIN  PANELS,  INTEGRAL  LOWER  SPAR  CAPS  (Al.) 
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610RA103 


Raw  Stock 

Finished 

Cost 

(In  Dollars] 

Dash  No. 

Weight 

Weight 

Cost  Breakdown 

Total  Cost 

-7 

Mat'  1 

1.27 

Interior 

.63 

.362 

2.37 

Spar-Half 

Mfg 

1.10 

-9 

Mat'  1 

1.27 

Interior 

.63 

.362 

2.37 

Spar- Half 

Mfg 

1.10 

Mat'  1 

1.27 

Interior 

.63 

.342 

2.37 

Spar- Half 

Mfg, 

1.10 

-13 

Mat'  1 

1.27 

Interior 

.63 

.342 

2.37 

Spar- Half 

Mfg 

1.10 

^15 

Mat'  1 

1.43 

Interior 

.71 

.360 

2.53 

Spar-Half 

Mfg 

1.10 

-17 

Mat'  1 

1.43 

Interior 

.71 

.360 

2.53 

Spar- Ha If 

Mfg 

1.10 

-19 

Mat'  1 

1.43 

Interior 

.71 

.356 

2.53 

Spar-Half 

Mfg 

1.10 

Mat'  1 

1.43 

Interior 

.71 

.356 

2.53 

Spar- Ha If 

Mfg 

1.10 

^2 T~ 

Mat*  1 

1.43 

Interior 

.71 

.351 

2.53 

Spar-Half 

Mfg 

1.10 

~-T5~ 

Mat'  1 

1.43 

Interior 

.71 

.351 

2.53 

Spar-Half 

Mfg 

1.10 

^W~ 

Mat'  1 

1.43 

Interior 

.71 

.349 

2.53 

Spar-Half 

Mfg 

1.10 

-29 

Mat'  1 

1.43 

Interior 

.71 

.349 

2.53 

Spar-Half 

Mfg 

1.10 

-31 

Mat'  1 

1.43 

Interior 

.71 

.352 

2.53 

Spar-Half 

Mfg 

1.10 

-33 

Mat'  1 

1.43 

Interior 

.71 

.351 

2.53 

Spar- Ha If 

Mfg 

1.10 

-35 

Mat'  1 

1.43 

Interior 

.71 

.354 

2.53 

Spar-Half 

Mfg, 

1.10 

^37“ 

Mat '  1 

1.43 

Interior 

.71 

.354 

2.53 

Spar- Half 

Mfg 

1.10 

B-.?4  (Continued) 

II I -63  ADHESIVE  BONDED,  CLOSE  SPAR  SPACING  -  ALUMINUM 
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610RA103 


Dash  No. 

Raw  Stock 
Height 

Finished 

Weight 

Cost 

(In  Dollars) 

Cost  Breakdown 

Total  Cost 

-39 

Matl 

1.27 

Interior 

.63 

.351 

> 

2.37 

Spar-  Half 

Mfg, 

1.10 

~-KT~ 

Mat'  1 

“or 

Interior 

.63 

.351 

2.37 

Spar-Half 

Mfg 

1.10 

Mat’  1 

1.27 

Interior 

.63 

.350 

2.37 

Spar-Half 

Mfg, 

1.10 

-43 

Mat'  1 

l.i7 

Interior 

.63 

.350 

2.37 

Spar-Half 

Mfg 

1.10 

-4? 

Mat 1 1 

1.27 

Interior 

.63 

.365 

2.37 

Spar-Half 

Mfg, 

1.10 

-49 

Mat*  1 

1.27 

Interior 

.63 

.365 

2.37 

Spar-Half 

Mfg 

1.10 

^5l" 

Mat*  1 

- 503 

Front 

84.24 

2.716 

222.63 

£&£ 

Mfg 

134.60 

Mat  1 

85.09 

Rear 

81.43 

2.776 

216.07 

sp*r 

Mfg 

130.98 

-55 

Mat  *  1 

- 3775 

Lower 

1.88 

1.259 

4.79 

Skin 

Mfg 

1.01 

-57” 

Mat'  1 

3.78 

Upper 

1.88 

1.261 

4.79 

Skin 

Mfg 

1.01 

-5*9 

Mat'l 

1.05 

Skin 

.52 

.387 

5.11 

Mfg 

4.06 

-61 

Mat'l 

5.63 

Skin 

2.80 

2.120 

25.91 

Mfg 

20.28 

-63 

Mat'l 

.10 

Shim 

1.104 

Mfg 

.10 

<  65 

Mat'l 

27.00 

i  adhesive 

5.400 

Mfg 

27.00 

■  1 

Mat  1 

Jissy 

Tooling 

212.22 

1491.55 

Mfg 

1279.33 

Mat'l 

244.22 

TOTAL 

24.807 

Tooling 

212.22 

2052.01 

Mfg 

1595.57 

ADHESIVE  BONDED,  CLOSE  SPAR  SPACING  -  ALUMINUM 


401 


610RA104 


Dash  No. 

Raw  Stock 

Finished 

Cost 

(In  Dollars) 

Weight 

Weight 

Cost  Breakdown 

Total  Cost 

-15 

Mat '  1 

6.66 

Upper 

5.27 

3.76 

7.73 

Skin 

Mfg 

1.07 

-17 

Mac'  1 

11.99 

Inner 

6.66 

5.35 

17.19 

Skin 

Mfg 

5.20 

-19 

Mat'l 

.90 

Doubler 

00 

• 

.54 

1.97 

Mfg  . 

1.07 

-21 

Mat'  1 

.54 

Doubler 

.47 

CM 

• 

1.61 

Mfg 

1.07 

-23 

Mat'  1 

.87 

Doubler 

.76 

.53 

1.94 

Mfg  . 

1.07 

-25 

Mat'  1 

.01 

Doubler 

.01 

.006 

8.35 

Mfg 

8.34 

-3 

Mat '1 

_ 

Skin  Panel 

1.49 

Assy 

Mfg  . 

Mat'  1 

4.21 

Rib 

.187 

4.21 

Mfg 

-9 

Mat  1 

5.03 

Rib 

.223 

5.03 

Mfg 

-11 

Mat'  1 

1.08 

Rib 

.48 

1.08 

Mfg 

-l5 

Mat'  1 

.99 

Rib 

.44 

.99 

Mfg 

r^ 

CM 

i 

Mat  1 

103.77 

Rear 

99.30 

5.24 

252.44 

Spar 

Mfg 

148.67 

-29 

Mat'  1 

83.80 

Center 

80.19 

2.11 

213.82 

Spar 

Mfg 

130.02 

4l 

Mat'  1 

104.50 

Front 

100.00 

5.41 

252.67 

Spar 

Mfg 

148.17 

(Coni 

:inued) 

INTEGRAL  FORMED  BULBED  TEE,  ALUMINUM 


402 


610RA104  (Cont'd) 


Dash  No. 

Raw  Stock 
Weight 

Finished 

Weight 

Cost  (In  Dollars) 

Cost  Breakdown 

Total  Cost 

-33 

Inner 

Skin 

2.85 

2.07 

Mat'l  5775“ 

Mfg  2.98 

8.72 

“35- 

Outer 

Skin 

1.53 

.91 

Mat'l  3708“ 

Mfg  3.29 

6.37 

-3/ 

Inner 

Skin 

3.09 

2.29 

Mat'l  577F“ 

Mfg  1.07 

7.29 

-39- 

Outer 

Skin 

1.55 

.92 

Mat'l  3.12 

Mfg  1.07 

4.19 

-41 

Spar 

C«P 

7.83 

.46 

Mat'l  10.27 

Mfg  14.99 

25.26 

-45 

Angle 

.90 

.055 

Mat'l  795— 

Mfg  19.28 

20.23 

-45 

Angle 

.70 

.022 

Mac 'I  774 

Mfg  19.27 

20.01 

"3“ 

Spar 

Skin  Assy 

1.62 

M.t'1  28.23 

Mfg 

28.23 

“3“ 

Assy 

Mat'l 989.59 

Tooling  188.49 

Mfg  555.46 

1733.54 

TOTAL 

40.75 

Mat'l  1372.29 

Tooling  188.49 

Mfg  1062.09 

2622.89 

INTEGRAL  PORMED  BULBED  TEE,  ALUMINUM 


403 


610RA105 


Raw  Stock 

Finished 

Cost 

(In  Dollars) 

Dash  No. 

Weight 

Weight 

Cost  Breakdown  1 

'otal  Cost 

-7 

Mat'  1 

129.27 

Upper 

10.3 

7.53 

130.34 

Skin 

Mfg 

1.07 

.9 

Mat 1 1 

129.27 

Lower 

10.3 

7.93 

130.34 

Skin 

Mfg 

1.07 

-11 

Mat '  1 

Front  Spar 

21.45 

Assy 

Mfg 

21.45 

— rn - 

Mat1 1 

63.75 

Upper  Cap 

10.4 

1.36 

Mfg 

47.97 

111.72 

-15 

Mat '  1 

11.95 

Ved 

.72 

.68 

13.02 

Mfg 

1.07 

-17 

Mat '  1 

63.75 

Lower  Cap 

10.4 

1.36 

111.72 

•v 

Mfg 

47.97 

— TI5 - 

Mat'  1 

Rear  Spar 

■  — 

21.45 

Assy 

Mfg 

21.45 

-21 

M.t'1 

63.75 

Upper 

10.4 

1.36 

111.72 

Cap 

Mte 

47.97 

-23 

Mat '  1 

11.95 

Web 

.72 

.66 

13.02 

Mfg  

1.07 

-25 

Mat'  1 

49.64 

Lower 

8.00 

•  91 

97.01 

Cap 

Mfg 

47.97 

-27 

Mat 1 1 

127.01 

Web 

12.55 

10.35 

230.41 

Assy 

Mfg 

103.40 

-29 

M.C'1 

18.83 

Angle 

1.50 

1.15 

23.48 

4.65 

-1 

Mat'l 

35.13 

Assy 

.75 

.68 

Tooling  2127.87 

2789.96 

626.84 

Mat"! 

703.81“ 

Total 

33.97 

Tooling  2127.87 

3805.64 

Mfg 

973.95 

Multi-Vet  Cell  Construction  -  Titanium 


404 


610RA106 


Dash  No. 

Raw  Stock 

Finished 

Cost(In  Dollars) 

Weight 

Weight 

Cost  Breakdown 

Total  Cost 

-3 

Mat'l 

44.53 

Skin  Panel 
Assy 

24.56 

21.05 

Mfg 

12.63 

57.16 

-5 

Mat 1 1 

201.97 

Spar  Skin 

Assy 

165.55 

33.67 

Mfg 

354.79 

556.76 

-805 

Center  Spar 

1.419 

1.40 

Mat'l 

5.07 

26.71 

Assy 

Mfg 

21.64 

-41 

Spar  Cap 

10.2 

.97 

Mat'l 

10.66 

42.94 

Mfg 

32.28 

-1 

Mat’l 

214.08 

Assy 

3.23 

Tooling 

248.04 

947.67 

Mfg 

485.55 

Mat'l 

“5701 

TOTAL 

60.27 

Tooling 

248.04 

1631.24 

Mfg 

906.89 

BONDED  TRIANGULAR  CORE  -  ALUMINUM 


405 


610RA107 


Dash  No. 

Raw  Stock 

Finished 

Cost 

(in  Dollars) 

No. 

Weight 

Weight 

Cost  Breakdown 

Total  Cost 

-3 

Mat’l 

20.07 

Skin  Panel 

15.64 

14.63 

33.94 

Assy 

Mfg 

13.87 

-5 

Mat  1 

7.43 

Skin  Panel 

5.24 

4.93 

16.21 

Assv 

Mfg 

8.78 

Mat'  1 

7.60 

Skin  Panel 

5.48 

5.30 

16.58 

Assy 

Mfg, 

8.78 

Mat 1 1 

92.17 

Front 

88.2 

5.60 

226.05 

Spar 

Mfg 

133.88 

^35~ 

Mat'l 

239.10 

Center 

85.7 

3.79 

371.86 

Spar 

Mfg 

132.76 

^37“ 

Mat'l 

105.34 

Rear 

100.8 

5.91 

259.14 

Spar 

Mfg 

153.80 

-3$ 

Mat'l 

.25 

Web 

.20 

.14 

1.82 

Mfg 

1.57 

Mat'l 

Csl 

• 

Web 

.21 

.15 

1.84 

Mfg 

1.57 

-43 

Mat'l 

1.26 

Tee 

— 

.45 

2.32 

Mfg 

1.06 

■^3“ 

Mat'l 

1.42 

Tee 

— 

.51 

2.48 

Mfg 

1.06 

-47 

Mat'l 

.05 

Angle 

.04 

.024 

1.62 

Mfg 

1.57 

-49 

Mat’l 

.06 

Angle 

.05 

.028 

1.63 

Mfg 

.  1.57 

-51 

Mat'l 

2.46 

Tee 

.884 

7.26 

Mfg 

4.80 

-1 

Mat'l 

430.56 

Assy 

6.218 

Tooling 

232.84 

1229.86 

Mfg 

566.46 

TOTAL 

48.72 

Mat'l 

908.24 

Tooling 

232.84 

2172.61 

Mfg _ 

1031.53 

ADHESIVE  BONDED  PANELS  WITH  CORRUGATED  INNER  SKIN 
ALUMINUM 

406 


610RA109 


Dash  No. 

Raw  Stock 

Finished 

Cost 

(In  Dollars) 

Weight 

Weight 

Cost  Breakdown 

Total  Cost 

-23 

Mat'  1 

22.90 

Skin 

2.16 

1.63 

42.42 

Mfg.   

19.52 

-ii 

Mat  1 

138.44 

Skin 

13.06 

8.88 

139.46 

Mfg 

1.02 

-25 

Mat  1 

23.64 

Skin 

2.23 

1.64 

43.16 

Mfg 

19.52 

-7 

Mat  1 

63.18 

Stringer 

5.96 

5.27 

70.51 

Mfg 

7.33 

-43 

Mat'  1 

46.90 

Stringer 

7.00 

1.23 

139.41 

Mfg 

92.51 

-29 

Mat'  1 

130.14 

Skin 

10.37 

8.22 

131.16 

Mfg 

1.02 

-31 

Mat'  1 

22.52 

Skin 

2.31 

1.88 

42.04 

Mfg 

19.52 

-53 

Mat'  1 

24.39 

Stringer 

3.64 

.76 

25.41 

Mfg 

1.02 

-7 

Mat'  1 

63.18 

Stringer 

5.96 

5.27 

70.51 

Mfg 

7.33 

-55 

Mat'  1 

21.79 

Web 

1.04 

.92 

22.81 

Mfg 

1.02 

-57 

Mat '  1 

4.39 

Stiffener 

.35 

.32 

16.63 

Mfg 

12.24 

-37 

Mat  1 

25.35 

Web 

2.02 

1.11 

44.87 

Mfg 

19.52 

-39 

Mat'  1 

3.82 

Stiffener 

.36 

.31 

16.06 

Mfg 

12.24 

-35 

Mat*  1 

39.40 

cap 

5.88 

1.37 

131.91 

-Mfg 

92.51 

(Continued) 


MULTIPLE  TENSION  STRAP/WELDED  STIFFENER  PRESSURE 
CARRYING  STRUCTURE  -  TITANIUM 


407 


610RA109 


Raw  Stock 

Finished 

Cost 

(In  Dollars) 

Dash  No. 

Weight 

Weight 

Cost  Breakdown 

Total  Cost 

Mat'  1 

25.35 

-47 

2.24 

1.14 

44.87 

Web 

Mfg 

19.52 

-49 

Mat*  1 

4.35 

Stiffener 

.41 

.34 

Mfg 

12.24 

16.59 

-45 

Mat1 1 

34.91 

Cap 

5.21 

1.16 

Mfg 

92.51 

127.42 

-9 

Tension 

.25 

.072 

Mat '  1 

3.14 

28.80 

Strap 

Mfg 

25.66 

-11 

Tension 

.25 

.077 

Mat'  1 

3.14 

28.80 

Strap 

Mfg 

25.66 

-13 

Mat'  1 

3.14 

Tension 

Strap 

.25 

.080 

Mfg 

25.66 

28.80 

-15 

Tension 

.25 

.080 

Mat'  1 

3.14 

28.80 

Strap 

Mfg 

25.66 

-17 

Tension 

.25 

.076 

Mat*  1 

3.14 

28.80 

Strap 

Mfg 

25.66 

-19 

Tension 

.25 

.070 

Mat '  1 

3.14 

28.80 

Strap 

Mfg 

25.66 

-1 

Mat'  1 

654.62 

Assy 

Tooling 

Mfg 

278.59 

427.73 

1360.94 

TOTAL 

48.39 

Mat '  1 
Tooling 

Ufa _ 

1370.87 

278.59 

1012.28 

2661.74 

MULTIPLE  TENSION  STRAP/WELDED  STIFFENER 
PRESSURE  CARRYING  STRUCTURE  -  TITANIUM 


408 


610RA110 


Dash  No.. 

Raw  Stock 
Weight 

Finished 

Weight 

Cost 

(In  Dollars) 

Cost  Breakdown 

Total  Cost 

-7 

Matl 

91.44 

Front 

87.50 

2.86 

283.95 

Spar 

Mfg 

192.51 

-9 

Mat'  1 

91.44 

Rear 

87.50 

2.84 

284.00 

-s-£ar 

Mfg 

192.56 

-11 

Mat '  1 

9.32 

Skin 

8.10 

5.87 

16.04 

Mfg 

6.72 

-15 

Mat'l 

1.13 

Shim 

.98 

.64 

12.31 

Mfg 

11.18 

-31 

Mat'l 

“16.93 

Stringer 

16.20 

.94 

51.64 

Mfg 

34.71 

-33 

Mat'l 

16.93 

Stringer 

16.20 

.94 

51.64 

 Mfg 

34.71 

-35 

Mat'l 

16.93 

Stringer 

16.20 

..94 

51.64 

Mfg 

34.71 

-37 

Mat'l 

16.93 

Stringer 

16.20 

.94 

51.64 

Mfg 

34.71 

-39 

Mat'l 

16.93 

Stringer 

16.20 

.94 

51.64 

Mfg 

34.71 

-4i 

Mat'l 

16.93 

Stringer 

16.20 

.94 

51.64 

Mfg 

34.71 

-43 

Mat'l 

- 

Center  Spar 

32.40 

1.67 

103.76 

Half 

Mfg 

69.90 

-13 

Mat'l 

9.32 

Skin 

8.10 

5.87 

16.04 

Mfg 

6.72 

-15 

Mat'l 

.80 

.49 

.32 

6.39 

Mfg 

5.59 

[-17 

Mat'l 

.80 

.49 

.32 

6.39 

Mfg 

5.59 

(Continued) 


DIAGONAL  STEEL  TENSION  WIRE/AIDM  PLATE  - 
STRINGER  CONSTRUCTION 


409 


610RA110  (Cont'd) 


Dash  No. 

Raw  Stock 

Finished 

Cost 

(In  Dollars) 

Weight 

Weight 

Cost  Breakdown 

Total  Cost 

-19 

16.20 

.94 

Mat'  1 

16.93 

51.64 

Stringer 

Mfg 

34.71 

-21 

Mat'l 

16.93 

Stringer 

16.20 

.94 

Mfg 

34.71 

51.64 

-23 

Mat'l 

16.93 

Stringer 

16.20 

.94 

Mfg 

34.71 

51.64 

-25 

Mat'! 

16.93 

Stringer 

16.20 

.94 

Mfg 

34.71 

51.64 

-27 

Nat1 1 

16.93 

Stringer 

16.20 

.94 

Mfg. 

34.71 

51.64 

-29 

Stringer 

16.20 

.94 

Mat'  1 

16.93 

51.64 

-45 

Mat'l 

33.86 

Center  Spar 
Half 

32.40 

1.67 

Mfg 

69.90 

103.76 

-47 

Mat'l 

Wire 

.44 

.40 

Mfg 

-53 

Mat'l 

24.00 

Collar 

.02 

Mfg 

24.00 

Mat'l 

38.67 

Assy 

5.58 

Tooling 

Mfg 

207.72 

324.45 

570.84 

Mat'l 

537.80 

TOTAL 

39.34 

Tooling 

Mfg 

207.72 

1301.64 

2047.16 

DIAGONAL  STEEL  TENSION  WIRE /ALUM  PLATE  - 
STRINGER  CONSTRUCTION 


410 


SECTION  III. 5 

MANUFACTURING  TECHNOLOGY  WORKSHEETS 


411 


TITLE  Multi-Wet  Cell 


DWG.  NO 


610RA001 


Construction _  css  140 

(Urge  Full  Depth  Core) _ _ 195.0# 


MATERIAL  COMPONENT  ADV.  MATL. 


6-4  Ti  Upper  Skin  Yes 
8823  Ti  Lower  Skins  Yes 
8823  Ti  F.S.  end  R.S.  Yes 
C.P.  Ti  Core  Cells  Yes 
TX-21  Breze  Alloy  Yes 


MFG.  PROCESS  COMPONENT  ADV.  METH. 


S.  Weld  and  Braze  -  Core  Cells  and  Core  to  Spars  Yes 
Weld  Butt  Spar  Web  to  Caps  (E.B.)  Yes 
Low  Temp  Braze  Lower  Surface  Skins,  Core,  and 

Spar  Caps  Yes 
Machine  Contour  Mach.  Ti  Core  Yes 


COMMENTS: 

Look  at  Spot  Welding  as  Alternate  to  Seam  Welding 
in  Core  Fabrication 

Look  at  GTA  Welding  of  Spar  Webs  to  Caps 

Propose  Hi  Temp  Braze  Alloy  for  Upper  Skin  to  Core 
Braze  and  Low  Temp  Braze  Alloy  for  Lower  Skin 
Braze.  This  will  allow  machining  of  Lower  Contour 
After  1st  Braze 

Need  Development  of  Low  Temp  Brazing 


CONCEPT  RATING 


ADVAN< 

:ed  tech 

NOLOGY 

MANUFACTURING 

COST  FACTOR 

MFG. 

.0633 

MATL. 

.0090 

TOTAL 

.0723 

BASIC 

.0045 

SECOND 

.0037 

FINAL 

.0040 

TOTAL 

.0122 

TOOL: 

MFG: 

412 


TITLE  Brazed  Sandwich  Skins  With  Truss  DWG.  NO.  610RA-002 


Member  Core 


CSS 


140.0 


ul. mm 


MATERIAL  COMPONENT 

6-4  Ti  Upper  Skin  and  Truss  Core 

F.S.  and  R.S.  -  Upper  Aux  Spar  Caps 
Aux  Spar  Bonded  Web  Skins 

8823  Tl  Lower  Skin  and  Truss  Core 
Lower  Caps  on  Aux  Spars 


ADV.  MATL. 


Yes 


Yes 


MFG.  PROCESS 


COMPONENT 


ADV.  METH. 


Form  In  g  Corrugated  Core 


Yes 


Brazing  Skin-Core  Panels 


Yes 


COMMENTS: 

Look  at  -117,  wll9  and  -121  details-  as  a  part  of  lower  spar  cap 
extrusion  In  lieu  of  formed  details. 

Need  development  of  low  temp  brazing 

Need  development  of  corrugated  core  forming  as  an  Integral  formed 
panel. 

Make  step  in  F  &  R  spar  webs  opposite  side  to  blade  stiffener. 


CONCEPT  RATING 


ADVAN< 

:ed  tech 

NOLOGV 

MANUFACTURING 

COST  FACTOR 

MFG. 

.0630 

MATL. 

.0162 

TOTAL 

.0792 

BASIC 

.0058 

SECOND 

.0038 

FINAL 

.0020 

TOTAL 

.0116 

TOOL: 

MFG: 

413 


TITLE  Laminated  Lower  Alum. _  DWG.  NO.  610RA003 

Skin  with  Machined  Stepped  Spar  Capa  q  $  $  140.  p 

Al  H/C  Upper  Skin _ _ 283.9 


MATERIAL 

7050  Alum. 


COMPONENT 

All 


APV.  MATL. 

Yes 


MFG .  PROCESS  COMPONENT 

Adhesive  Bond  -  Lower  Skin  -  Spar  Laminates 

Adhesive  Bond  -  Upper  H/C  Skin  Panel 
Machine  Spar  and  Spar  Caps 


ADV.  METH. 
Yes 

No 

No 


COMMENTS: 

Major  area  for  developments  Is  large  laminated  skins  and  spars  of 
lower  skin  panel. 


CONCEPT  RATING 


ADVANCED  TECH 

NOLOGY 

MANUFACTURING 

COST  FACTOR 

MFG. 

.0221 

MATL. 

.0090 

TOTAL 

.0311 

BASIC 

.0066 

SECOND 

.0048 

FINAL 

.0010 

TOTAL 

.0124 

TOOL: 

MFG: 

414 


I1T-—  A1  Hnnayermh  g«n<hHch 
Upper  Panel  -  Titaniua  Blade 


DWG.  NO.  61QRAQ04  "A" 


_ Stiffened  Plank  Lower _ j/t. _ 240.0 _ _ 

material  component  adv.  matl. 

7050  Alum.  Upper  Skin  Panel  Yea 

7050  Alum.  Spar  Capa  Yea 

8823  Ti  All  Spar  Components  Yes 

8823  Ti  Lower  Skin  Pane la  Yea 

MFG.  PROCESS  COMPONENT  ADV.  METH. 

Adhesive  Bond  Upper  Skin  H/C  Panel  Ho. 

Weld  "T"  (Burn  Lower  Skin  and  Spars  Yea 

Braze  (Low  Temp)  Lower  Skin  Panels  and  Spar  Capa  Yea 

COMMENTS: 


Major  area  of  development  required  is  in  welding,  hot  sizing  after 
welding  and  brazing. 

Etched  surface  of  spar  webs  should  be  away  from  blade  stiffener 
Unable  to  terminate  blade  stiffener  T-Burn  weld  as  shown  on 
lower  spar  web.  Show  upper  spar  cap  at  R.S.  same  as  at  P.S. 


CONCEPT  RATING 


ADVAN< 

:ed  tech 

NOLOGY 

MANUFACTURING 

COST  FACTOR 

MFG. 

.0351 

MATL. 

.0162 

TOTAL 

.0513 

BASIC 

.0069 

SECOND 

.0025 

FINAL 

.0030 

TOTAL 

.0124 

TOOL: 

MFG: 

415 


TITLE  Adhesive  Bonded 


DWG.  NO.  610RA  005 _ 

Laminated  Lower  Skin  - _  c  S  S  .  14fl - 

Hat  Stiffened  Upper  Skin _  Wt. _ 300.88 _ 

MATERIAL  COMPONENT  ADV.  MATL. 

7050  Aluminum  -  All  Components  (Except  H/C  Core)  Yes 


MFG.  PROCESS 

COMPONENT 

ADV.  METH. 

Adhesive  Bond 

Lower  Skin  Laminate 

Yes 

Weldbond 

Upper  Skin  to  Hats 

Yes 

Adhesive  Bond 

H/C  Panel 8  -  Spars 

No 

Adhesive  Bond 

Lower  Skin  and  Spars 

Yes 

COMMENTS: 

Adhesive  Bonded  Laminates  of  Skins  and  Full  Depth 
Spars  Require  Development 

Weldbonding  process  requires  development  for  hat  to 
skin  attachment 


CONCEPT  RATING 


ADVANCED  TECH 

NOLOGY 

MANUFACTURING 

COST  FACTOR 

MFG. 

.0216 

MATL. 

.0090 

tOTAL 

.0306 

BASIC 

.0084 

SECOND 

.0018 

FINAL 

.0030 

TOTAL 

.0132 

TOOL: 

MFG: 

416 


TITLE  Laminated  Lower  Skin 
with  Stepped  Spar  Caps 


Plate  Upper  Skin  -  Corr  Spars 


DWG.  NO. 

CSS 

Wt. 


6 10 RAOO b 

140,0 

296.94 


MATERIAL 
7050  Alum 


COMPONENT 

All 


ADV.  MATL. 

Yes 


MFG.  PROCESS 

Adhesive  Bond 
Spot  Weld 


COMPONENT 


ADV.  METH. 


Lower  Skin  Laminate  Yes 

Web  to  Spar  Caps  Yes 


COMMENTS: 

Development  is  needed  in  area  of  adhesive  bonding  laminated  skin  panel. 
Suggest  weldbonding  be  evaluated  to  replace  spot  welds. 


CONCEPT  RATING 


ADVANCED  TECH 

NOLOGY 

MANUFACTURING 

COST  FACTOR 

MFG. 

.0113 

MATL. 

.0090 

TOTAL 

.0203 

BASIC 

,0075 

SECOND 

.0055 

FINAL 

.0030 

TOTAL 

.0160 

TOOL: 

MFG: 

417 


TITLE  Adhesive  Bonded  Laminate 


DWG. NO 


610RA007 


Lower  Skin  - 

Bonded  Hat  Stiffeners 

140.0 

Upper  Skin 

-  -  ■  L.  J  J 

-  _  wt. 

246. |7 

MATERIAL 

COMPONENT 

ADV.  MATL. 

6-4  T1 

Upper  Skin  and  Hats 

Yes 

6-4  Ti 

Upper  Spar  Caps 

Yes 

8823  Tl 

Spar  Web  and  Stiffeners 

8823  Ti 

Lower  Skin  Panels 

8823  Ti 

Lower  Skin  Hat  Stiffeners 

Yes 

MFG.  PROCESS 

COMPONENT 

ADV.  METH. 

Form  Etch 

Lower  Skin  Panels 

Ho 

Form 

Hat  Section  Skin  Stiff. 

No 

Weld  "T"Burn 

Spar  Web  Stiffeners 

Yes 

Adhesive  Bond 

Lower  Skin  Laminate 

Yes 

COMMENTS: 

Development  Is  required  to  accomplish  bonding  of  laminated  lover 
skins  and  spar  caps. 

"T"  Burn  welding  on  lower  skins  will  require  development  and  testing. 
Butt  welds  on  spar  webs  need  to  be  made  after  bonding  lower  panel 
Suggest  8823  for  upper  hats  to  Improve  formability  of  shapes. 


CONCEPT  RATING 


ADVANCED  TECH 

NOLOGV 

MANUFACTURING 

COST  FACTOR 

MFG. 

MATL. 

TOTAL 

BASIC 

SECOND 

FINAL 

TOTAL 

TOOL: 

.0144 

.0144 

.0288 

.0040 

.0042 

.0020 

.0102 

MFG: 

418 


TITLE  _ Brazed  Space 

Truss  Wing 


DWG.  NO. 
CSS 


610RA008 

140.0 


Wt.  200.94 


MATERIAL  COMPONENT  ADV.  MATL. 


6-4  Ti  Upper  Skin  and  Truss  Yes 
6-4  Ti  Lower  Truss  Flange  Angles  Yes 
6-4  Ti  Front  and  Rear  Spars  Yes 
8823  Ti  Lower  Doublers  and  Skins  Yes 


MFG.  PROCESS  COMPONENT  ADV.  METH. 


S.  Weld  and  Braze  -  Front  and  Rear  Spars 

Hats  -  Flange  Angles  to  Truss  Yes 

Low  Temp  Braze  Lower  Skin  and  Flange  Yes 

Angles  and  Spar  Caps 

Extrude  Frong  and  Rear  Spar  Caps  Yes 


COMMENTS; 

Need  to  develop  a  spot  weld  braze  alloy  combination  for  simplified 
brazing  operations  for  6-4  Ti. 

Need  low  temp  brazing  alloy  development  for  8823  Ti. 


CONCEPT  RATING 


ADVANCED  TECH 

NOLOGV 

MANUFACTURING 

COST  FACTOR 

MFG. 

.0540 

MATL. 

.0117 

TOTAL 

.0657 

BASIC 

.0074 

SECOND 

.0034 

FINAL 

.0020 

TOTAL 

.0128 

TOOL: 

MFG: 

419 


DWG.  NO. 


610RA009 


TITLE  Modified  Triangle  Core. 


-Mhflilyfl  Bondid,  Aluminum 


c  s  s 

wt/ 


m 


300.00 


MATERIAL 


COMPONENT 


ADV.  MATL. 


7050  Aluminum 


All 


Yes 


MFG .  PROCESS 

COMPONENT 

ADV. 

Extrude 

Spar  Details 

Yes 

Forming 

Core  Details 

No 

Adhesive  Bond 

Core  Panel 

Yes 

Adhesive  Bond 

Lower  Skin  Laminate 

Yes 

Adhesive  Bond 

Spars  to  Skin  Laminates 

Yes 

COMMENTS: 

Break  -  61  Skin  in  Multiple  Sections  for  fabrication 
Look  at  Weld  Bonding  and  Rivet  Bonding  of  -61  skin  to  truss  nodes 
in  lieu  of  adhesive  bonding. 

Adhesive  Bonding  of  laminated  skins  will  require  development. 
Bonding  of  full  depth  spars  to  skin  laminates  will  require  major 
development 


CONCEPT  RATING 


ADVANCED  TECH 

NOLOGY 

MANUFACTURING 

COST  FACTOR 

MFG. 

.0139 

MATL. 

.009 

TOTAL 

.0229 

BASIC 

.0082 

SECOND 

.0023 

FINAL 

.0030 

TOTAL 

.0135 

TOOL: 

MFG: 

420 


DWG. NO 


610RA010 


TJILE  Alum  H/C  Panel.  Upper 

and  Lower  -  Integral  Lower 

_ Soar  Cana  -  Adhesive  Bonded 


_  • 


C  $  S 

wt. 


140 

133,096 


MATERIAL 
7050  Aluminum 


COMPONENT  ADV.  MATL. 

All  Yea 


MFG.  PROCESS 

Weld  Bond 

COMPONENT 

Spars  -  Web  to  Stiffeners 

ADV.  METH. 

Yes 

Adhesive  Bond 

Spars  -  Web  Laminates 

Yes 

Adhesive  Bond 

Spar  Caps  and  Lwr  Skin 

Yes 

COMMENTS: 

Developments  are  needed  in  weldbonding,  laminated  spar  webs 
bonding  of  full  depth  spars  to  lower  skin 

and 

CONCEPT  RATING 


ADVANCED  TECH 

NOLOGY 

MANUFACTURING 

COST  FACTOR 

MFG. 

.0057 

MATL. 

.0090 

TOTAL 

.0147 

BASIC 

.0086 

SECOND 

.0029 

FINAL 

.0030 

TOTAL 

.0145 

TOOL: 

MFG: 

421 


TITLE  .  .frllbfld 

-  Tee  Stiffened 

DWG.  NO. 

610RA0U 

Skins 

(Upper  end  Lower) 

/~  r  r 

140 

L#  J  J 

Wt. 

239.70 

MATERIAL 

COMPONENT 

ADV.  MATL. 

6-4  Ti 

Upper  Panel  Assy 

Yes 

8823  Ti 

Lower  Panel  Assy 

Yes 

8823  Ti 

All 

Spar  Assys 

Yes 

MFG.  PROCESS 

COMPONENT 

ADV.  METH 

Forming 

Bulb-Tee  Stiffeners 

Yes 

Welding 

Spars  -  Web  to  Cap 

No 

Adhesive  Bond 

Skin  -  Stiffener  Laminates 

Yes 

Adhesive  Bond 

Spar  Sandwich  Panels 

No 

Rivet 

Clip  to  Blkhd  and  Stiffeners 

No 

COMMENTS: 

Request  use  of  8823  Ti  for  upper  bulb  stiffeners  for  Improved 
formebility. 

Unable  to  attach  -71  lntercostals  as  shown 

Suggest  removal  of  every  other  one  or  reverse  position  of 
every  other  one  to  provide  some  flexibility  in  stiffeners 
at  assembly. 

Look  at  Weldbonding  or  Rivetbonding  of  lntercostals  to  stiffeners 
on  lower  surface 

Need  fuel  flow  holes  in  stiffeners  and  spars 


CONCEPT  RATING 


ADVANCED  TECH 

NOLOGY 

MANUFACTURING 

COST  FACTOR 

MFG. 

.0279 

MATL. 

.0153 

TOTAL 

.0432 

BASIC 

.0054 

SECOND 

.0036 

FINAL 

.0020 

TOTAL 

.0110 

TOOL: 

MFG: 

422 


TITLE  _ Adhesive  Bonded  Honeycomb 

Sandwich  Skins  and  Spars 


DWG.  NO.  6 10 RAO  12  "C" 


MATERIAL 

6-4  Ti 
8823  Ti 
8823  Ti 

5056  Alum  Core 


MFG.  PROCESS 

Machining 
Welding 
Adhesive  Bond 
Forming 


Wt. 259,61 


COMPONENT  ADV.  MATL. 


Upper  Skin  Panels  Yes 

Lower  Skin  Panels  Yes 

Spar  Panels  Yes 

All  Panels  No 


COMPONENT  ADV.  METH. 


F  &  R  Spar  Caps  (Lower  No 

Aux.  Spar  Caps  (Lower)  Yes 

All  Major  Yes 

All  Formed  Details  Yes 


COMMENTS: 

Lower  Spar  Caps  Front  and  Rear  Spar  Can  not  be  machined  to  .025  Typ. 
dimension  and  contour. 

Major  fabrication  problem  is  adhesive  bonding  of  lower  skin  panel 
with  full  depth  front  and  rear  spars 
Suggest  rivetbonding  of  spar  panels  to  spar  caps. 


CONCEPT  RATING 


ADVANCED  TECH 

NOLOGY 

MANUFACTURING 

COST  FACTOR 

MFG. 

.0063 

MATL. 

.0153 

TOTAL 

.0216 

BASIC 

.0033 

SECOND 

.0051 

FINAL 

.0010 

TOTAL 

.0124 

TOOL: 

MFG: 

423 


TITLE  Alim  Hfln>yrnmh  <?«nH 
Upper  Panel  -  Titanium 


Blade  Stiffened  -  Lower  Panel 


DWG.  NO. 

CSS 

Wt 


6 10 RAO 13 

140 

254.17 


MATERIAL 

COMPONENT 

ADV.  MATL 

7050  Alum 

Upper  Skin  Panel 

Yes 

6-4  Ti 

All  Spar  Components 

Yes 

6-4  Tl 

Lower  Skin  Panels 

Yes 

MFG .  PROCESS 

COMPONENT 

ADV.  METH. 

Adhesive  Bond 

Upper 

Skin 

H/C  Panel 

No 

Weld  "T"  Burn 

Lower 

Skin 

and  Spars 

Yes 

Weldbond 

Lower 

Skin 

Panels  and  Spar  Caps 

Yes 

COMMENTS: 

Major  area  of  development  required  Is  in  T-burn  welding,  hot 
sizing  after  welding,  and  weldbonding. 

Show  upper  spar  cap  at  R.S.  same  as  F.S. 

Etched  surface  of  spar  webs  should  be  away  from  blade  stiffener. 
Unable  to  terminate  blade  stiffener  T-burn. 

Weld  as  shown  on  lower  spar  web 


CONCEPT  RATING 


ADVANCED  TECH 

NOLOGY 

MANUFACTURING 

COST  FACTOR 

MFG. 

.0234 

MATL. 

.0090 

TOTAL 

.0324 

BASIC 

.0069 

SECOND 

.0029 

FINAL 

.0030 

TOTAL 

.0128 

TOOL: 

MFG: 

424 


TITLE  Adhesive  Bonded  Hat 
Stiffeners  -  Alum. 


DWG.  NO.  61QRA101 


CSS 


340.000 


MATERIAL 


7050-T76  Alum 


COMPONENT 


All 


ADV.  MATL. 

Yes 


MFG.  PROCESS 

COMPONENT 

ADV 

Machine 

F  &  k  spars 

No 

Form-Etch 

Skins  -  Hats-  Supports  -  Stiff  -  C.S. 

NO 

Adh.  Bond 

Doublers  &  Hats  to  Skins 

No 

Adh.  Bond 

Ribs  -  Skins  &  Spars  (Lower  Surf.) 

Yes 

Weldbond 

Upper  Skin  &  Hat  Assy 

Yes 

Rivet 

Ribs  in  Place  After  Bonding 

No 

COMMENTS: 

1.  Major  problem  is  in  the  area  of  holding  details  of  the  lower 
skin  assembly  during  adhesive  bonding  cycle. 

2.  Development  of  weldbonding  is  needed. 


CONCEPT  RATING 


AD  VAN  < 

:ed  TECH 

NOLOGY 

MANUFACTURING 

COST  FACTOR 

MFG. 

.0135 

MATL. 

.0090 

TOTAL 

.0225 

BASIC 

.0080 

SECOND 

.0036 

FINAL 

.0030 

TOTAL 

.0146 

TOOL: 

MFG: 

425 


TITLE 


Sandwich  Skin  Panalt, 
Integral  Lower  Spar  Capa 


DWG.  NO.  6 10 RA 102 

c_sj  -M-oo 

Wt.  39.84 


MATERIAL 

7050  Alum 


COMPONENT 

All  (Except  Core) 


ADV.  MATL. 

Yea 


MFG.  PROCESS  COMPONENT  ADV.  METH. 


Machine 

F  &  R  Spars  -  Aux.  Spar  Webs 

No 

Extrude 

Aux  Spar  Caps,  Lower 

No 

Adh.  Bond 

Upper  Skin  H/C  Panel 

No 

Adh.  Bond 

Lower  H/C  Skin  Panel  &  Spars 

Yes 

Weldbond 

Aux  Spar  Web  to  Lower  Caps 

Yes 

COMMENTS: 

1.  Requeat  extenaion  of  atiffener  flanges  on  P  &  R  Spars  to  remove 
angle  cut  and  small  cutter  radius  at  lower  spar  cap. 

2.  Look  at  trade-off  coat  between  plate  and  extrusion  for  lower 
aux.  spar  caps 

3.  Will  need  to  develop  method  for  bonding  F  &  R  spars  with 
lower  a/c  panel 

4.  Need  to  develop  weldbonding  for  spars 


CONCEPT  RATING 


Z 

< 

> 

Q 

< 

:ed  tech 

NOLOGY 

MANUFACTURING 

COST  FACTOR 

MFG. 

.0060 

MATL. 

.0090 

TOTAL 

.0150 

BASIC 

.0076 

SECOND 

.0048 

FINAL 

.0024 

TOTAL 

.0148 

TOOL: 

MFG: 

426 


UM  - Adhesive  Bonded _  DWG.  NO.  610RA103 

- Cloaa  Spar  Spacing _  c  s  $  340,000 

- — -  tit. _ 2Jt±&Q7 


MATERIAL 

COMPONENT 

ADV.  MATL. 

7050-T76 

All  (Except  GRP) 

Yes 

MFG.  PROCESS 

COMPONENT 

ADV.  METH 

Machine 

FAR  Spar 

NO 

Form 

All  Sheet  Metal  Details 

No 

Adh.  Bond 

All  Details 

Yes 

COMMENTS: 

1,  Major  problem  la  to  davalop  a  bonding  method,  A  propoaed 

method  ia  to  bond  multiplea • of  3  cells  employing  a  hard  center 
cell  mandrel  during  bonding.  Bond  all  cells  together  with  skins 
and  splice  plates  as  a  second  operation. 


CONCEPT  RATING 


ADVANCED  TECH 

NOLOGY 

MANUFACTURING 

COST  FACTOR 

MFG. 

.0225 

MATL. 

.0090 

TOTAL 

.0315 

BASIC 

.0103 

SECOND 

.0024 

FINAL 

.0040 

TOTAL 

.0167 

TOOL: 

MFG: 

427 


TITLE  Integral  Formed 

DWG.  NO. 

610RA104 

Bulbed  Tee  -  Alum 

c  t  c 

340.000 

wt. 

40.75 

MATERIAL 

COMPONENT 

ADV.  MATL. 

7050-T76  Alum 

All 

Yes 

MFG.  PROCESS 

COMPONENT 

ADV.  METH. 

Machine 

All  Spars 

No 

Machine  &  Etch 

Ribs 

No 

Form 

Skins 

No 

Integral  Form 

Skin  Stiffened  Panel 

Yes 

Adh.  Bond 

Laminated  Skin  Stiff  Panel 

Yes 

Adh.  Bond 

Spar  -  Laminated  Skin  Panel 

Yes 

Weldbonding* 

COMMENTS: 

Clips  to  U.Skin  and  Inner  Skin 

Yes 

1.  Integral  forming  of  stiffened  panels  need  development 

2.  Adh.  bonding  of  laminated  panel  needs  development. 

3.  Adh.  bonding  of  full  depth  spars  and  Integral  stiffened 
laminated  skin  panel  needs  development. 

4.  Application  of  adhesive  to  inner  surface  of  bulb  stiffener 
Is  a  major  problem  area  for  fabrication. 


CONCEPT  RATING 


ADVANCED  TECH 

NOLOGY 

MANUFACTURING 

COST  FACTOR 

MFG. 

.0234 

MATL. 

.0090 

TOTAL 

.0324 

BASIC 

.0041 

SECOND 

.0048 

FINAL 

.0030 

TOTAL 

.0119 

TOOL: 

MFG: 

428 


TITLE  Multi-Wet  Cell  Construction _  DWG.  NO.  610RA-105 

340.000 

- css  - 


- _ 21x22 _ 

MATERIAL  COMPONENT  ADV.  MATL. 


6  A1  4V  Titanium 

0  &  L  Skins  and  Spars 

Yes 

C.P.  Titanium 

Core  Cells 

Yes 

TX-21 

Braze  Alloy 

Yes 

MFG.  PROCESS 

COMPONENT 

ADV.  METH 

Extrude  &  Form 

Spar  Caps 

Yes 

Weld 

Spar  Caps  to  Webs 

Yes 

Form  and  Weld 

Core  Cells 

Yes 

Spot  Weld  &  Braze 

Core  to  U.  Skin  &  Spars 

Yes 

Machine 

Core  to  contour 

Yes 

Low  Temp  Braze 

Core  to  Lower  Skin 

Yes 

Low  Temp  Braze 

Lower  Spar  Cap  to  Lower  Skin 

Yes 

COMMENTS:  xhe  following  areas  of  fabrication  need  development 

1.  Fabricating  large  core  cells  of  titanium 

2.  Machining  titanium  core  to  contour. 

3.  Extruding  and  forming  titanium  spar  caps 

4.  Brazing  of  titanium  core  wing  box  panel 

5.  Development  of  large  scale  brazing  tools. 


CONCEPT  RATING 


ADVANCED  TECH 

NOLOGY 

MANUFACTURING 

COST  FACTOR 

MFG. 

.0546 

MATL. 

.0045 

TOTAL 

.0621 

BASIC 

.0045 

SECOND 

.0036 

FINAL 

.0040 

TOTAL 

.0121 

TOOL: 

MFG:  ; 

429 


Sheet  1  of  2 


TITLE 


Bonded  Triangular 
Core  -  Aluminum 


DWG.  NO. 

CSS 

MLx 


MATERIAL  COMPONENT 

7050-T76  Alum  All  Except  Glass 

and  H/C  Core 


610RA10fe 

340.000 

&L22 

ADV.  MATL. 

Yes 


MFG.  PROCESS  COMPONENT  ADV.  METH. 

Machine  Spar  Caps  No 

Form  Truss  Core  and  Skins  No 

Adh.  Bond  Skin  and  Spar  Panels  No 

Adh.  Bond  Assy  of  F  &  R  Spars 

and  Lower  Skin  Panel  Yes 


COMMENTS: 

Major  fabrication  problem  is  in  bonding  of  front  and  rear  spars 
to  lower  truss  core  skin  panel. 

There  is  no  process  for  forming  truss  core  as  shown  on  this  drawing. 
It  is  proposed  that  formed  or  extruded  sections  as  shown  on  Sheet  2 
be  used  in  lieu  of  corrugations  shown. 


CONCEPT  RATING 


ADVANCED  TECH 

NOLOGY 

MANUFACTURING 

COST  FACTOR 

MFG. 

.0032 

MATL. 

.0090 

TOTAL 

.0120 

BASIC 

.0080 

SECOND 

.0048 

FINAL 

.0030 

TOTAL 

.0158 

TOOL: 

MFG: 

430 


Sheet  2  of  2 


IITLE  — Bonded  Tri  angular _  DWG.  NO.  M  noun  A 

- Core  -  Aluminum _  cs$  340.000 


MATERIAL  component  adv.  matl. 


MFG.  PROCESS  COMPONENT  ADV.  METH. 

These  sections  are  proposed  alternates  to  the  truss  core  design 
shown  on  existing  design. 

Formed  Section  Extruded  Section 


CONCEPT  RATING 


ADVANCED  TECH 

NOLOGY 

MANUFACTURING 

COST  FACTOR 

MFG. 

MATL. 

TOTAL 

BASIC 

SECOND 

FINAL 

TOTAL 

TOOL: 

MFG: 

431 


TITLE  Adhesive  Bonded  Panels  with 

DWG.  NO. 

61QRA107 

Corrugated  Inner  skin 

c  f  c 

340.000 

J  w 

wt. 

50.57 

MATERIAL 

/ 

COMPONENT 

ADV.  MATL. 

7050  Alum 

Yes 

MFG.  PROCESS 

COMPONENT 

ADV.  METH. 

Extrusion 

C.S.  &  All  "T"  Sections 

No 

Machine 

F  &  R  Spars 

No 

Form 

Skins  (Inner  and  Outer) 

No 

Adh .  Bond 

U  &  L  Skin  Panels 

No 

Adh.  Bond 

C.S.  Web  Stiffeners 

No 

Adh.  Bond 

Radius  Blocks 

No 

Adh.  Bond 

COMMENTS: 

Spars  to  Lower  Skin  Panel 

Yes 

Major  fabrication  problem  is  in  bonding  spars  to  lower  skin  panels. 


CONCEPT  RATING 


ADVANCED  TECH 

NOLOGY 

MANUFACTURING 

COST  FACTOR 

MFG. 

.0032 

MATL. 

.0090 

TOTAL 

.0122 

BASIC 

0077 

SECOND 

.0036 

FINAL 

.0030 

TOTAL 

.0143 

TOOL: 

MFG: 

432 


TITLE 

Rectangular  Tube 

DWG.  NO. 

6 10 RA 108 

Stiffened  Panels 

r  c  c 

340.000 

Integral  Soar  Cap 

wt. 

41.588 

MATERIAL 

COMPONENT 

ADV.  MATL. 

6A1-4V  Titanium 

All 

Yes 

MFG. 

PROCESS 

COMPONENT 

ADV.  METH 

Machine 

Spars  &  Spar  Caps 

No 

Form 

Front  and  Rear  Spars 

No 

Weld 

II  jll 

Burn 

Spar  Web  and  Stiffeners 

Yes 

Weld 

'  jll 

Burn 

Upper  and  Lower  Panels 

Yes 

Weld 

•tipll 

Burn 

Ribs  to  Upper  and  Lower  Panels 

Yes 

COMMENTS: 

1.  Unable  to  weld  spar  stiffeners  as  shown 
2 •  Unable  to  weld  aux  spars  and  slbs  as  shown 

3.  Can  not  produce  and  Inspect  skin  panels 

4.  Not  economically  feasible  to  manufacture 


CONCEPT  RATING 


ADVANCED  TECH 

NOLOGY 

MANUFACTURING 

COST  FACTOR 

MFG. 

_ Sc 

MATL. 

se  Comma 

TOTAL 

0 

at  No.  4 

BASIC 

SECOND 

See 

FINAL 

Commen 

TOTAL 

0 

t  No.  4 

TOOL: 

MFG: 
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PWG.  NO.  610RA1Q9 


UM  -Multiple  Tenaion  Strap/Welded 
_ Stiffener  -  Pressure  Carrying  c  340,000 

_ Structure _ _ _  _ 48,39 

MATERIAL  COMPONENT 


6A1  4V  Titanium  All 


ADV.  MATL. 

Yea 


MFG.  PROCESS 


COMPONENT 


Machine 

Etch 

Form* Size 
T-Weld 
T-Weld 
But  t  Weld 


Spar  Capa 

Skin  and  Tenalon  Tie  Detalla 
Sklna  and  Stiffener  Anglea 
Sklna  and  Stiffener  Anglea 
(3)  Spar  Weba  Stiffeners 
Spar  Web8  to  Capa 


ADV.  METH. 

No 

No 

No 

Yea 

Yea 

No 


COMMENTS: 


Need  development  in  the  proceaa  of  welding  8tiffenera  to  8kin8 
and  aubaequently  performing  a  stress  relieving  and  sizing  operation 


CONCEPT  RATING 


ADVANC 

:ed  tech 

NOLOGY 

MANUFACTURING 

COST  FACTOR 

MFG. 

.0324 

MATL. 

.0090 

TOTAL 

.0414 

BASIC 

.0064 

SECOND 

.0042 

FINAL 

.0016 

TOTAL 

.0122 

TOOL: 

MFG: 
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TITLE  Diagonal  Sf  1 
Tension  Wire/Alum  Plate 


Stringer  Conatruction 

MATERIAL 

7050  Alum  Skins  -  Spars 


DWG^-NO. 


C  $  S 

W 


COMPONENT 

-  Stringers 


610RA110 _ 

340.000 

-33.34 

ADV.  MATL. 

Yes 


MFG.  PROCESS  COMPONENT  ADV.  METH. 

Machine  Spars  and  Stringers  No 
Form  Skins  No 
Adh.  Bond  Skin  -  Stringers  and  C.  Spar  No 
Wire  Stringing  Upper  and  Lower  Panels  No 


COMMENTS: 

Major  fabrication  problem  is  developing  a  technique  for  stringing 
wire  between  upper  and  lower  panels  and  obtaining  the  desired 
tension  in  a  uniform  pattern. 


CONCEPT  RATING 


ADVANCED  TECH 

NOLOGY 

MANUFACTURING 

COST  FACTOR 

MFG. 

0000 

MATL. 

.0090 

TOTAL 

.0090 

BASIC 

.0058 

SECOND 

.0030 

FINAL 

.0015 

TOTAL 

.0103 

TOOL:  1 

MFG: 
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SECTION  III. 6 

INSPECTABILITY  WORKSHEETS 
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INSPECTABILITY  RATING 


DRAWING  NO.  610RA000 

BASELINE:  100% 


PART  NAME 

AND 

DASH  NUMBER 

OVERALL 

AVG. 

(%) 

MIN.  NDI 
DETECT. 

CRACK 

LTH/METHOD 

SCORE 

(.05) 

RATE 

MAX. 

Upper  Skin 

30 

.150/Pen, X-ray 

.015 

Lower  Skin 

40 

UT 

.020 

Internal 

30 

.015 

TOTAL 

100 

.050 

i 

COMMENTS: 
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INSPECTABILITY  RATING 


DRAWING  NO.  61QRA001 

BASELINE:  100% 


PART  NAME 

AND 

DASH  NUMBER 

OVERALL 

AVG. 

m 

MIN.  NI)I 
DETECT. 

CRACK 

SCORE 

(.05) 

RATE 

MAX. 

LTH/METHOD 

1.  -7  Upper  Skin  Assy 

20 

30 

▼150/UT,  PEN 

.01 

2.  -9  Lower  Skin  Assy 

25 

40 

-150/UT,  PEN 

.0125 

3.  Internal  (Total) 

(14) 

(30) 

-11 

2.8 

3 

.0014 

-13 

2.8 

3 

-15/UT,  PEN 

.0014 

-15 

2.8 

3 

X-Ray 

.0014 

-17 

2.8 

3 

.0014 

-19 

1.3 

1.5 

.00065 

-21 

1.3 

1.5 

.00065 

-23 

1.0 

1.5 

.005 

-25 

n/a 

-27 

n/a 

TOTAL 

69 

f 

.0344 

COMMENTS : 


438 


INSPECTABILITY  RATINC 


DRAWING  NO.  610RA002 

BASELINE:  1007. 


PART  NAME 

AND 

DASH  NUMBER 

* 

OVERALL 

AVG. 

a) 

MIN.  NDI 
DETECT. 

CRACK 

SCORE 

(.05) 

RATE 

MAX. 

LTH/METHOD 

1.  -7  Upper  Panel 

16 

30 

. 100 /UT ,  X-Ray 

.008 

2.  >19  Lower  Panel 

22 

40 

.100/UT,  X-ray 

.011 

3.  Internal 

(30) 

.150 /PEN,  UT 

-9  FS 

4.1 

6 

.00205 

-11  FAS 

5.1 

6 

X-  ray 

.00255 

-13  CS 

5.1 

6 

-15  AAS 

5.1 

6 

-17  AS 

4.1 

6 

.00205 

TOTAL 

61.5 

.0375 

COMMENTS : 
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INSPECTABILITY  RATING 


DRAWING  NO.  610RA003 

BASELINE:  1007. 


PART  NAME 

AND 

DASH  NUMBER 

OVERALL 

AVG. 

O) 

MIN.  NDI 
DETECT. 

CRACK 

LTH/METHOD 

SCORE 

(.05) 

RATE 

MAX. 

1.  -3  Spar-Skin 

58 

70 

.120/Pen,  UT 

.029 

2.  -5  Skin  Panel 

20 

30 

.15/Pen,  UT-Xra 

7  .01 

TOTALS 

78 

.039 

COMMENTS: 

1.  All  easily  inspected  except  multilayer  bond. 

2.  Complete  stripping  required  for  penetrant  inspection. 


440 


INSPECTABILITY  RATING 
DRAWING  NO.  610RAQ04A _ 

BASELINE :  100Z 


PART  NAME 

AND 

DASH  NUMBER 

OVERALL 

AVG. 

m 

MIN.  NDI 
DETECT. 

CRACK 

SCORE 

(.05) 

RATE 

MAX. 

LTH/METHOD 

1.  -3  Skin  Panel 

27 

30 

.100/Pen,  UT 

.0135 

2.  -15/-21  Skin  Assy 

27 

40 

. 150/UT 

.0135 

3.  -63/-65  Spar  Caps 

10 

10 

.05/Pen 

.005 

4.  -5/-13  Beam  Assy 

10 

20 

.100/Pen,  UT 

.005 

TOTALS 

74 

.037 

COMMENTS : 


1.  Burn  thru  "T"s  very  costly  to  inspect. 

2.  Complete  stripping  required  for  penetrant  inspection. 
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INSPECTABILITY  RATING 
TABLE  X 

DRAWING  NO.  610RA00S _ 

BASELINE :  1007. 


PART  NAME 

AND 

DASH  NUMBER 

OVERALL 

AVG. 

O) 

MIN.  NDI 
DETECT. 

CRACK 

SCORE 

(.05) 

RATE 

MAX. 

LTH/METHOD 

1.  -3  Upper  Skin 

24 

30 

.09  UT, PEN 

.015 

2.  -5  Lower  Skin 

22 

40 

.15  UT.I-RAY 

.011 

3.  Internal 

(30) 

.15  UT,  X-RAY 

-87  FS 

3.2 

6 

.0016 

-89  FAS 

3.2 

6 

.0016 

-91  CS 

3.2 

6 

.0016 

-93  AAS 

3.2 

6 

.0016 

-95  RS 

3.2 

6 

.0016 

TOTALS 

62 

100 

.031 

COMMENTS : 


1  *  Formed  hats  cannot  be  1007.  Inspected  at  depot  level  without  complete 
disassembly  and  stripping. 

2.  Steps  In  spars  can  Increase  Inspection  costs. 
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INSPECTABILITY  RATING 
DRAWING  NO.  610RA006 

BASELINE :  1007. 


PART  NAME 

AND 

DASH  NUMBER 

OVERALL 

AVG. 

tt) 

MIN.  NDI 
DETECT. 

CRACK 

SCORE 

(.05) 

RATE 

MAX. 

LTH/METHOD 

1.  -65  Upper  Skin 

30 

30 

.05 /Pen 

.015 

2.  -3  Spar  Skin  Assy 

45 

70 

. 150/UT,  X-ray 

.0225 

TOTALS 

75 

100 

.0375 

| 

COMMENTS: 

1.  Can  only  detect  gross  damage  in  corrogations  after  assembly. 

2.  -3  minimum  crack  length  determined  by  the  difficulty  of  detecting 
cracks  in  inter-laminia  of  lower  skin. 
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INSPECTABILITY  RATING 
DRAWING  NO.  610RA007 _ 

BASELINE:  1007. 


PART  NAME 

AND 

DASH  NUMBER 

OVERALL 

AVG. 

CX) 

MIN.  NDI 
DETECT. 

CRACK 

LTH/METHOD 

SCORE 

(.05) 

RATE 

MAX. 

1.  -7  Upper  Panel 

26 

30 

.100 /Pen,  UT, 

.013 

X-ray 

2.  -19  Lower  Panel 

30 

40 

.100 /Pm  ,  UT, 

X-ray 

.015 

3.  Internal 

(30) 

.. 150/Pen, UT, 

X-  ray 

-9FS 

3.5 

5 

.00175 

-11FAS 

3.5 

5 

.00175 

-13  CS 

3.5 

5 

.00175 

-15  AAS 

3.5 

5 

.00175 

-17  AS 

3.5 

5 

.00175 

-165  thru  -187 

4.5 

5 

.00225 

Ribs 

TOTAL 

78 

100 

.039 

COMMENTS : 
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INSPECTABILITY  RATING 


DRAWING  NO.  _ 610RAQ08 

BASELINE:  100% 


PART  NAME 

AND 

DASH  NUMBER 

OVERALL 

AVG. 

m 

MIN.  NDI 
DETECT. 

CRACK 

LTH/METHOD 

SCORE 

(.05) 

RATE 

MAX. 

1.  Upper  Skin  -7 

23 

30 

.15/UT 

.0115 

2.  -9  Lower  Skin 

30 

40 

. 15/UT 

.015 

3.  Internal 

-11  FS 

6 

10 

. 12/UT,  Pen 

.003 

-13  RS 

6 

10 

. 12/UT,  Pen 

.003 

-15/-27  Truss  Assy 

6 

10 

.12/UT,  Pen 

.003 

TOTALS 

71 

100 

.0355 

COMMENTS : 


1.  Disassembly  of  trusses  will  be  required  for  field  inspection. 

2.  Complete  stripping  required  for  penetrant  inspection. 

3.  100%  depot  level  inspect,  very  costly. 


445 


TNSPECTABILITY  RATING 


DRAWING  NO.  _ 610RAQ09 

BASELINE:  100% 


PART  NAME 

AND 

DASH  NUMBER 

OVERALL 

AVG. 

 m 

MIN.  NDI 
DETECT. 

CRACK 

LTH/METHOD 

SCORF 

(.05) 

RATE 

MAX. 

1.  -3  Spar  Skin  Assy 

50 

70 

. 120/UT 

.025 

2.  -5  Skin  Panel 

22 

30 

. 100/UT 

.011 

TOTALS 

72 

100 

.036 

COMMENTS : 

1.  Cannot  inspect  for  cracks  in  hat  sections  after  bonding. 
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INSPECTABILITY  RATING 


DRAWING  NO.  610RA010 

BASELINE:  100Z 


PART  NAME 

AND 

DASH  NUMBER 

OVERALL 

AVG. 

(  ) 

MIN.  NDI 
DETECT. 

CRACK 

LTH/METHOD 

SCORE 

(.05) 

RATE 

MAX. 

1.  -7  Upper  Panel 

26 

30 

.100 /PEN,  UT 

.013 

2.  -19  Lover  Panel 

36 

40 

.100 /Pen,  UT 

.018 

3.  Internal 

.150 /PEN,  UT 

X-ray 

-9  PS 

3.5 

6 

.00175 

-11  FAS 

3.5 

6 

.00175 

-13  CS 

3.5 

6 

.00175 

-15  AAS 

3.5 

6 

.00175 

-17  AS 

3.5 

6 

.00175 

TOTAL 

79.5 

100 

# 

.03975 

1 

1 

COMMENTS : 
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INSPECTABILITY  RATING 
DRAWING  NO.  610RA011 _ 

BASELINE:  100% 


PART  NAME 

AND 

DASH  NUMBER 

OVERALL 

AVG. 

MIN.  ND1 
DETECT. 

CRACK 

LTH/METHOD 

SCORE 

(.05) 

RATE 

MAX. 

1.  -7  Upper  Panel 

18 

30 

.150/UT 

.009 

2.  -9  Lower  Panel 

21 

40 

. 150/UT 

.0105 

3.  Internal 

(30) 

.100/Pen,  UT 

-11  FS 

4.2 

.0021 

-13  FS 

4.2 

.0021 

-15  CS 

4.2 

.0021 

-17  AAS 

4.2 

.0021 

-19  RS 

4.2 

.0021 

-127  Bhd.  Assy  -i 

-129 

-131  "  [ 

4.5 

.0023 

-133  "  J 

TOTALS 

64.5 

100 

.03225 

COMMENTS: 

1.  Bulbed  "T's  very  difficult  and  costly  to  inspect. 

2.  Complete  stripping  required  for  penetrant  inspection  in  the  field. 
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llior  Luinu  j.ui  x  i.  iv/umvj 


DRAWING  NO.  6I0KA012A 

BASELINE:  1007. 


PART  NAME 

AND 

DASH  NUMBER 

OVERALL 

AVG. 

m 

MIN.  NDI 
DETECT. 

CRACK 

SCORE 

(.05) 

RATE 

MAX. 

LTH/METH0D 

1.  Upper  Skin  -807 

25 

30 

.100/UT,  Pen 

.0125 

2.  Lower  Skin  -  805 

33 

40 

.100/UT,  Pen 

.0165 

3.  Internal 

(30) 

.100/UT,  Pen 

-1  FAS 

5 

6 

.0025 

-3  CS 

5 

6 

.0025 

-5  AAS 

5 

6 

.0025 

-801  FS 

4.8 

6 

.0024 

-803  RS 

4.8 

6 

.0024 

TOTALS 

82.6 

100 

.0413 

COMMENTS : 


1.  Can  detect  only  gross  damage  to  core  after  assembly. 

2.  Complete  stripping  required  for  penetrant  inspections. 
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INSPECTABILITY  RATING 


DRAWING  NO.  610RA013 

BASELINE:  1007. 


PART  NAME 
AND 

DASH  NUMBER 


OVERALL 

AVG. 


RATE 


MAX. 


MIN.  NDI 

DETECT. 

CRACK 

LTH/METHOD 


SCORE 

(.05) 


1.  *3  Skin  Panel 

2.  -15/-21  Skin  Assy 

3.  -5/-13  Beam  Assy 

TOTAL 


22 

25 

26 

73 


30 

40 

30 

100 


15  UT  PEN  X-ray 
15  UT  PEN  X-ray 
090  PEN 


.011 

.0125 

.013 

.0365 


COMMENTS : 
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INSPECTABILITY  RATING 


DRAWING  NO.  _ felfljtAlQQ 

BASELINE :  100% 


PART  NAME 

AND 

DASH  NUMBER 

OVERALL 

AVG. 

a) 

MIN.  NDI 
DETECT. 

CRACK 

SCORE 

(.05) 

RATE 

MAX. 

LTH/METHOD 

Upper  Skin 

30 

. 150/PEN, 

.015 

X-Ray,  UT 

Lower  Skin 

40 

.020 

Internal 

30 

.015 

TOTAL 

100 

.050 

i 

COMMENTS : 
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INSPECTABILITY  RATING 


DRAWING  NO.  _ 61QRA1Q1 

BASELINE:  1007. 


PART  NAME 

AND 

DASH  NUMBER 

OVERALL 

AVG. 

C%) 

MIN.  NDI 
DETECT. 

CRACK 

SCORE 

(.05) 

RATE 

MAX. 

LTH/METHOD 

t.  -5  Skin  Panel 

30 

40 

.100/Pen 

.015 

2.  -3  Spar  -  Skin 

35 

60 

. 15/UT 

.0175 

TOTALS 

65 

100 

.0325 

COMMENTS : 

I  .  Very  difficult  to  inspect  radii  in  bonded  "T". 

f .  Complete  stripping  required  for  penetrant  inspections. 
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INSPECTABILITY  RATING 


DRAWING  NO.  610RA102 

BASELINE:  100% 


PART  NAME 

AND 

DASH  NUMBER 

OVERALL 

AVG. 

_ 

MIN.  NDI 
DETECT. 

CRACK 

SCORE 

(.05) 

RATE 

MAX. 

LTH/METHOD 

1.  -7  Upper  Panel 

27 

30 

. 150/PEN,  UT 

.0135 

2*  -17  Lower  Panel 

37 

40 

. J.50/PEN,  UT 

.0185 

3 .  Internal 

30 

.100/PEN,  UT. 

X-Ray 

-9  FS 

7 

7.25 

.0035 

-11  FAS 

6.5 

7.25 

.00325 

-13  AAS 

6.5 

7.25 

.00325 

-15  AS 

7 

7.25 

.0035 

TOTAL 

91 

100 

.0455 

COMMENTS: 
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INSPECTABILITY  RATING 


DRAWING  NO.  _ _ 610RA103 

BASELINE :  100% 


PART  NAME 

AND 

DASH  NUMBER 

OVERALL 

AVG. 

(%) 

MIN.  NDI 
DETECT. 

CRACK 

SCORE 

(.05) 

RATE 

MAX. 

LTH/METHOD 

1.  Upper  Skin  Assy. 

24 

30 

. 15/UT 

.012 

2.  Lower  Skin  Assy. 

34 

40 

. 15/UT 

.017 

3.  *Spars  (All) 

0 

30 

0/X 

0 

TOTALS 

58 

100 

.029 

COMMENTS : 

1.  Spars  are  not  inspectable  after  assembly.  Must  be  designed  such  that 
no  inspection  is  required. 


features108  WiU  ***  °  °r  3°%  accoroin8  to  the  damage  tolerance 
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INSPECTABILITY  RATING 


DRAWING  NO.  6 10 RA 104 

BASELINE :  1007. 


PART  NAME 

AND 

DASH  NUMBER 

OVERALL 

AVG. 

(X) 

MIN.  NDI 
DETECT. 

CRACK 

SCORE 

(.05) 

RATE 

MAX. 

LTH/METH0D 

1.  -3  Skin  Panel  Assy 

15 

30 

.15  UT  X-ray 

.0075 

2.  -5  Spar  Skin  Assy 

26 

70 

.15  UT  X-Ray 

.013 

TOTAL 

41 

100 

.0205 

COMMENTS : 


1. 

2. 

3. 


Bulb  Tecs  and  weld  bonds  are  very  costly  to  inspect. 

TTV0"*  "°Uld  b*  hi*h  £or  l0°*  inspection, 
naplete  stripping  required  for  penetrant  inspection. 
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INSPECTABILITY  RATING 


DRAWING  NO.  610RA105 

BASELINE:  1007. 


PART  NAME 

AND 

DASH  NUMBER 

OVERALL 

AVG. 

O) 

MIN.  NDI 
DETECT. 

CRACK 

LTH/METHOD 

SCORE 

(.05) 

RATE 

MAX. 

1.  -7  Upper  Skin 

21 

30 

.09  PEN 

.0105 

2.  >9  Lower  Skin 

28 

40 

.09  PEN 

.014 

3.  Internal 

-11  FS 

7 

10 

.100  PEN  UT 

.0035 

-19  RS 

7 

10 

.0035 

-27  Web  Assy 

6 

10 

.003 

TOTALS 

69 

.0345 

i 

1.  Full  depth  core  must  be  designed  for  full  service  life.  Only 
gross  damage  can  be  detected  after  assembly. 
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COMMENTS : 


INSPECTAB1 CITY  RATING 


DRAWING  NO.  610RA-106 

BASELINE:  100% 


PART  NAME 

AND 

DASH  NUMBER 

OVERALL 

AVG. 

O) 

MIN.  NDI 
DETECT. 

CRACK 

LTH/METHOD 

SCORE 

(.05) 

RATE 

MAX. 

I.  -3  Skin  Panel  Assy 

17 

30 

. 120/UT,  Pen. 

.0085 

2.  -5  Spar  Skin  Assy 

33 

60 

. 120/UT,  Pen. 

.0165 

3.  -805  CS 

9 

10 

.07/Pen. 

.0045 

59 

100 

.0295 

N 

l 

4 

COMMENTS : 
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IHSPECTABi.LJ.TY  KATJ.NG 


DRAWING  NO.  610RA10? 

BASELINE:  100% 


PART  NAME 

AND 

DASH  NUMBER 

OVERALL 

AVG. 

O) 

MIN.  NDI 
DETECT. 

CRACK 

LTH/METHOD 

SCORE 

(.05) 

RATE 

MAX. 

1.  -3,  -5,  -53  Skin  Assy« 

40 

70 

.150/Pen,  UT, 

X-ray 

CM 

o 

• 

2.  -33,  -35,  -37  Spars 

15 

20 

.100/Pen,  UT 

.0075 

3.  -39,  -41  Webs 

10 

10 

.07/Pen 

.005 

TOTALS 

65 

100 

.0325 

COMMENTS : 

1.  Internal  corrogations  of  front  and  rear  spars  cannot  be  inspected  after 
forming. 

2.  Very  costly  to  inspect  formed  hats  at  depot  level. 

3.  Complete  stripping  required  for  penetrant  inspections. 
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INSPECTABILTTV  RATING 


DRAWING  NO.  610RA108 

BASELINE:  1007. 


PART  NAME 

AND 

DASH  NUMBER 

OVERALL 

AVG. 

a) 

MIN.  ND1 
DETECT. 

CRACK 

SCORE 

(.05) 

RATE 

MAX. 

LTH/METHOD 

1.  -5  Upper  Skin 

22 

30 

.05/Pen 

.011 

2.  -3  Lower  Skin 

29 

40 

.05/Pen 

.0145 

3.  Internal 

25 

30 

. 09/UT,  Pen 

.0125 

TOTALS 

76 

100 

.0380 

COMMENTS: 


1.  Multiple  welds  costly  to  inspect 

2.  Internal  skin  stiffeners  can  only  be  inspected  for  gross  damage  at 
depot  level. 

3.  Complete  stripping  required  for  penetrant  inspection. 
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1NSPELTA151LJ.1Y  RATING 
DRAWING  NO.  610RA109 _ 

BASELINE:  1007. 


PART  NAME 

AND 

DASH  NUMBER 

OVERALL 

AVG. 

(%) 

MIN.  NDI 
DETECT. 

CRACK 

LTH/METHOD 

SCORE 

(.05) 

RATE 

MAX. 

1.  Upper  Skin  Assy  -27 

22 

30 

.07/Pen,  X-ray 

.011 

2.  Lower  Skin  Assy  -33 

25 

40 

.07/Pen,  X-ray 

.0125 

3.  Internal 

(30) 

-59  Web  Assy 

10 

10 

. 04/Pen 

.005 

-41  FS  Assy 

8 

10 

.05/Pen 

.004 

-51  RS  Assy 

8 

10 

.05/Pen,  X-tay 

.004 

TOTALS 

73 

100 

l 

.0365 

COMMENTS : 

1.  Very  high  disassembly  costs  will  be  associated  with  this  design. 
Suggest  web  assemblies  be  designed  for  full  service  life. 
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INSPECTABTLITY  RATING 


DRAWING  NO.  61QRAI10 

BASELINE:  1007. 


PART  NAME 

AND 

DASH  NUMBER 

OVERALL 

AVG. 

0) 

MIN.  NDI 
DETECT. 

CRACK 

SCORE 

(.05) 

RATE 

MAX. 

LTH/METHOD 

1.  -55  Upper  Skin  Assy 

23 

30 

.15  UT  PEN 

.0115 

2.  -57  Lower  Skin  Assy 

31 

40 

.15  UT  PEN 

.0155 

3.  Internal 

(30) 

.15  UT  PEN 

-7  FS 

10 

10 

.005 

-9  RS 

10 

10 

.005 

-47  Wire  Assy 

9 

10 

.0045 

TOTAL 

83 

100 

.0415 

COMMENTS : 

1.  Wire  assy  must  be  designed  for  full  service  life.  Only  gross  damage 
can  be  detected  in  field  Inspections. 

2.  Penetrant  inspections  require  complete  stripping. 
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APPENDIX  IV 


PRELIMINARY  DESIGN  DRAWINGS 


IV. 1  SUMMARY 

During  the  fourth  step  of  this  program ,  nine  preliminary 
design  drawings  were  completed.  These  designs  were  based  on 
top  ranking  analytical  assembly  concepts  evaluated  in  the 
previous  step  of  the  program.  The  analytical  assembly  con¬ 
cepts  are  described  in  Appendix  III;  ANALYTICAL  ASSEMBLY 
DRAWINGS . 

Evaluation  of  the  nine  designs  was  based  on  the  numerical 
merit  rating  system  as  developed  in  the  earlier  portions  of 
this  program.  Four  of  the  highest  ranking  designs  were  chosen 
for  further  iteration  in  the  Optimization  Phase  to  complete 
Phase  IA  of  this  total  effort. 

IV. 2  PRELIMINARY  CONFIGURATION  SELECTION 

This  section  discusses  the  selection  of  nine  configu¬ 
rations  for  the  preliminary  design  phase  of  the  program.  It 
traces  the  concepts  from  the  initial  Element  Concept  phase, 
through  the  Cross-Section  Drawing  and  the  Analytical  Assembly 
phases,  to  their  eventual  inclusion  in  a  Preliminary  Design 
Concept. 


IV. 2.1  Analytical  Assembly  Matrix 

Selecting  configurations  for  preliminary  design  was 
greatly  simplified  through  the  use  of  data  generated  as  part 
of  the  Analytical  Assembly  phase  of  the  program  (reference 
Appendix  III.  Using  the  information  available  from  the 
twenty-five  (25)  A/A  drawings,  a  large  number  of  full  wing 
configurations  could  be  considered.  This  matrix  of  concepts 
was  used  to  predict  cost,  weight,  technology  advancement, 
structural  integrity,  and  abilities  of  many  wing  configurations. 
From  this  matrix,  nine  wing  configurations  were  chosen  for 
further  iterations. 

The  techniques  for  accomplishing  this  are  described  in 
the  following  paragraphs. 

IV . 2 . 1 . 1  Summary  of  A/A  Work 

A  total  of  twenty-five  (25)  Analytical  Assembly  drawings 
were  made,  including  baseline  drawings  at  CSS  140  and  340, 
during  the  third  step  of  this  program.  The  Analytical  Assemblies 
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evolved  from  the  119  Element  Concepts  and  53  Cross-Section 
drawings  generated  during  earlier  steps  in  this  program.  Each 
Analytical  Assembly  was  a  48  inch  span  of  constant  cross- 
section,  and  allowed  a  more  detailed  weight,  cost  and  strength 
analysis  than  could  be  performed  during  earlier  steps.  The 
complete  evaluation  and  ranking  of  the  Analytical  Assemblies 
is  reported  in  Appendix  III,  Phase  Summary -Analytical 
Assemblies,  dated  April  11,  1973.  Table  XXVIII  shows  the 
evolution  of  Element  Concepts  to  Preliminary  Designs. 

IV . 2 . 1 . 2  Technique  for  Projecting  Analytical  Assembly  Data 
to  Full  Wing  Boxes 

Methods  of  arriving  at  full  wing  box  weights  and  costs 
from  Analytical  Assemblies  was  devised.  These  methods  were 
checked  on  the  baseline  wing  box  and  were  shown  to  give  an 
accurate  estimate  of  weight  and  cost.  These  methods  are 
described  in  the  pargraphs  that  follow. 

IV. 2. 1.2.1  Weight  Estimation  Technique 

Baseline  "Analytical  Assemblies"  (AA's)  of  constant 
cross-section,  and  forty  eight  inches  in  span  were  carefully 
sized  to  provide  accurate  weight  calculations  along  the  span 
at  baseline  center  spar  stations  (C.S.S.)  140  and  340.  Sizing 
of  these  AA's  reflected  the  required  lower  surface  stress  level 
changes  due  to  preliminary  design  fracture  allowables  for 
C.S.S.  140.  Fracture  allowables  for  C.S.S.  340  have  no  impact 
due  to  the  smaller  wing  loads  at  this  outboard  station. 

The  basic  structural  weights  for  a  wing  were  calculated 
using  weight  data  directly  from  the  AA's  in  accordance  with 
the  following  formula: 

Wfull  wing  ^CSS140  4-  ^CSS340  x  Length  (Splice  to  Tip) 

2 

+  W  recurring 

Where  W^gg^o  is  the  weight  of  the  A/A  at  C.S.S.  140  -  48" 
^CSS340  t^ie  wei8^t  the  A/A  at  C.S.S.  340  *  48", 
Length  is  278  inches 

W  recurring  is  the  weight  of  recurring  items  such 

as  pylons,  etc.  (355  pounds  in  this  study  - 
reference  Table  XXIX) , 
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Table  XXVIII 

DESIGN  TRACEABILITY  -  PRELIMINARY  DESIGN  CONFIGURATIONS 
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(Continued) 


Table  XXVIII 

DESIGN  TRACEABILITY  -  PRELIMINARY  DESIGN  CONFIGURATIONS  (Continued) 
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Using  this  technique  it  was  possible  to  estimate  the 
weight  of  any  combination  of  Analytical  Assemblies  from  the 
A/A  matrix. 


IV . 2 . 1 . 2 . 2  Development  of  Weight  Estimation  Technique 

The  technique  discussed  above  was  developed  and  veri¬ 
fied  using  the  baseline  F-111F  and  the  Analytical  Assemblies 
610RA000  and  610RA100. 

Weights  of  the  F-111F  baseline  wing  were  calculated  for 
unit  cross-sections  at  various  points  along  the  span,  using 
these  "Analytical  Assemblies"  (AA's). 

These  data  were  used  to  show  distribution  of  basic 
structural  weight  along  the  baseline  span  in  Figure  4.  The 
baseline  weight  distribution  is  shown  for  the  case  of  47.8 
ksi  and  39.0  ksi  maximum,  ultimate,  lower  surface  tension 
stress  at  CSS  140.  The  AA's  at  CSS  140  differed  by  40.5  lbs 
(.84  lbs /in)  due  to  this  design  stress  change. 

The  basic  structural  weights  for  one  side  of  the  wing 
have  also  been  calculated  in  Table  XXIX  using  weight  data 
directly  from  AA's.  This  procedure  calculates  1197  lbs., 
versus  1193  lbs  for  <r  -  47.8  ksi  in  Figure  4;  and  1315  lbs 
versus  1303  lbs  for  (T  =  39.0  ksi  in  Figure  4. 

This  procedure  also  enables  the  calculations  of  weight 
variations  with  respect  to  lower  surface  design  stress  as 
shown  in  Table  XXX.  These  calculated  weights  and  stresses 
are  plotted  in  Figure  5. 

It  has  been  assumed  that  recurring  weights,  such  as 
pylon  provisions,  etc.,  described  in  Table  XXIX  will  be  con¬ 
stant.  This  enables  a  consistent  appraisal  of  the  variations 
of  weight  of  the  more  critical  members. 

The  accuracy  of  this  procedure  generally  compares  well 
to  the  more  tedius  method  of  calculating  weights  for  unit 
cross-sections  at  various  points  along  the  span,  plotting 
the  data,  and  integrating  the  curve  to  obtain  total  wing 
weights . 

IV. 2. 1.2. 3  Cost  Estimation  Technique 

Costs  used  in  projecting  the  A/A  matrix  were  estimated 
using  a  technique  similar  to  the  weight  estimation  technique 
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Figure  4  -  Baseline  Wing  Structure  Weight 


Table  XXIX 

EFFECT  OF  LOWER  SKIN  DESIGN  STRESS  ON  WEIGHT 


Pylon  Provision  Identifiable  Weights  -  244.4  Lbs. 
Bhd  Identifiable  Weights  -  48.5 


Identifiable  Sealant  and  Finishes 

Weights  -  20.2 

H.  Lift  Track  &  Splice  Provisions 

(Balance)  -  41.8 


Recurring  Weight  -  354.9  Lbs 


Using  "Analytical  Assembly"  Weights  at  CSS  140  &  340 


(1) 

a)  7.17  +  1.44 

- o -  (278) 


b) 


8.02 (2)+  1.44 

2 


(278) 


-  1197 

354.9 

1551.9  Lbs 


-  1315 
355 

1670  Lbs 


AW 


118  lbs 


Notes : 

(1)  47.8  KSI  ftJlt) 

(2)  39  KSI  (Ult)  ,  20.7  KSI  I?  15.5  (106)  In-lbs 
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Table  XXX 


EFFECT  OF  LOWER  SKIN  DESIGN  STRESS  ON  WEIGHT 


Variation  of  "Analytical  Assembly"  Weight  with 
respect  to  lower  surface  design  allowable  stress. 


40.51/48 

hqa  Lb8/ln 

47.8  -  39.0 

•°yb  KSI 

Assembly 

sAllow. (Ult) 

Weight  at  CSS  140 

610RA  000  (Basic) 

47.8  KSI 

7.17  Lbs/In 

610RA  000  (With  Add)  39.0 

8.02 

Using  .096  Lbs/in 

:30.0 

8.88 

KSI 

II  II  M 

:20.0 

9.84 

Using  the  technique  shown  previously  (a  &  b,  TABLE  III  ) 

c)  8.88  +  1.44  (278)  -  1435 

2  355 

1780  Lbs 

d)  9.84 j-  1.44  (278)  .  1568 

2  355 

1923  Lbs 
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Figure  5  -  Effect  of  Lower  Skin  Design  Stress  on  Weight 


discussed  in  paragraph  IV. 2. 1.2.1  above.  Cost  data  for  the 
analytical  assemblies  were  adjusted  to  remove  the  nonrecurring 
costs.  Using  this  new  cost,  the  price  per  inch  of  span  was 
computed  by  dividing  this  new  cost  by  forty-eight.  This  gave 
a  figure  identified  as  Ccssi40  or  CCSS340  depending  on  the 
location  of  the  analytical  assembly.  A  tentative  figure  was 
then  calculated  from  the  following  formula: 

cfull  wing  *  CCSS140  x  180 "  +  CCSS340  x  89 " 

This  tentative  figure  was  then  adjusted  by  a  scaling 
factor  computed  using  the  baseline  cost  data.  This  factor 
was  obtained  by  calculating  "Cfun  wing"  using  cost  data  from 
610RA000  and  610RA100  in  the  above  formula  and  dividing  it 
into  the  known  cost  of  the  baseline  wing  ($64,283,  reference 
Appendix  VII,  Baseline  Definition,  Cost  Description). 

Using  this  technique,  preliminary  screening  costs  were 
obtained  for  evaluating  configurations  in  the  A/A  matrix. 

IV. 2. 2  Splice  Designs 
IV . 2 . 2 . 1  Purpose  of  the  Splices 

Analytical  Assemblies  were  developed  for  different 
designs  for  CSS  140  and  CSS  340.  The  important  design  para¬ 
meters  vary  from  CSS  140  where  the  more  critical  parameter  is 
bending  to  CSS  340  where  the  more  critical  consideration  is 
pressure.  Because  of  this  variation,  any  particular  concept 
which  meets  the  design  parameters  od  one  CSS  location,  may 
not  be  the  type  of  structure  ideally  suited  to  satisfy  the 
considerations  at  the  second  CSS  location.  For  this  reason, 
a  design  study  was  conducted  to  investigate  the  splicing  of 
two  different  type  structures  to  form  one  full  wing  box 
structure.  From  this  work  a  Trade  Study  was  made.  Figures 
6  through  9  show  the  four  splices  considered.  These  four 
combinations  represent  optimum  potential  weight  savings  based 
on  Analytical  Assembly  data. 

IV. 2. 2. 2  Weight  Estimates  of  the  Splices 

The  delta  weights  incurred  in  each  splice  were  calculated 
and  were  tabulated  on  the  drawings.  The  two  lightest  splices 
were  selected  for  use  in  the  preliminary  design  of  two  addi¬ 
tional  full  wing  box  configurations.  Only  those  items  unique 
to  the  splice  were  included  in  the  weight  calculation. 
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Figure  6  Preliminary  Splice  Design  Concepts  610RA005  and  610RA103 
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Figure  7  Preliminary  Splice  Design  Concepts  610RA005  and  610RA106 
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Figure  8  Preliminary  Splice  Design  Concepts  610RA006  and  610RA103 


CTt  t?AA  CTATM 
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Figure  9  Preliminary  Splice  Design  Concepts  610RA006  and  610RA106 


IV . 2 . 2 . 3  Cost  Estimates  for  Splices 


The  delta  costs  for  manufacturing  and  Installing  each 
splice  were  estimated  using  procedures  established  by  Value 
Engineering  for  this  program.  These  costs  are  shown  in 
Table  XXXI. 


Table  XXXI 

SPLICE  STRUCTURAL  EFFICIENCY  DATA 


FIGURE 

DRAWING 

COMBINATIONS 

COST 

WEIGHT 

REMARKS 

3 

610RA005  and 
610RA103 

$767.12 

11.067  lbs 

Used  in 
610RW008 

4 

610RA005  and 

610RA106 

$747.49 

14.552  lbs 

5 

610RA006  and 

610RA103 

$737.93 

10.855  lbs 

Used  in 
610RW009 

6 

610RA006  and 

610RA106 

$715.64 

14.343  lbs 

IV. 2. 3  Discussion  of  Configuration 

The  top  rated  wings  selected  from  the  Analytical  Assembly 
Matrix  evaluation  were  used  to  generate  full  wing  box  configu¬ 
rations.  A  total  of  nine  (9)  designs  were  completed  during 
this  portion  of  the  program.  Pertinent  data  on  each  design 
is  discussed  below.  Copies  of  each  drawing  are  shown  in 
Section  IV. 5. 

IV . 2 . 3 . 1  Drawing  610RW000,  Baseline  Update 

A  special  drawing  was  prepared  to  accurately  assess  the 
impact  of  the  new  damage  tolerance  criteria  on  the  baseline 
wing  box.  This  drawing  shows  the  skin  thickness  increases 
necessary  to  lower  the  effective  stress  levels.  As  discussed 
in  paragraph  IV. 2. 1.2,  it  also  served  as  a  check  of  the  weight 
estimation  techniques.  There  was  no  change  in  the  baseline 
materials . 

IV . 2 . 3 . 2  Drawing  610RW001 

This  configuration  utilized  a  laminated  aluminum  lower 
skin,  a  sandwich  upper  skin,  integrally  stiffened  machined 
spars,  and  pressure  straps  in  the  outboard  portion.  All 
components  are  7050  aluminum. 
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The  spar  caps  are  integral  with  the  upper  and  lower  skins 
to  position  them  as  far  from  the  neutral  axis  as  possible. 

The  lower  spar  caps  have  the  added  advantage  of  being  accessible 
to  the  outer  surface.  This  enhances  the  inspectability  of  the 
spar  caps. 

There  are  no  fastener  penetrations  through  the  bending 
material  of  the  lower  skins.  Fasteners  are  eliminated  to 
reduce  Kx  (stress  concentration  factor)  and  permit  designing 
to  higher  operation  stresses  which  results  in  weight  savings. 

Lower  skins  are  laminated  to  acieve  a  decrease  in  crack 
growth  rate.  Laminates  and  planks  create  multiple  load  paths 
for  a  fail  safe  lower  skin  configuration. 

Beginning  at  approximately  CSS  270  a  series  of  tension 
straps  have  been  used  to  react  the  fuel  pressure  loads.  These 
straps  also  increase  the  stiffness  of  the  wing  with  a  minimum 
penalty. 


IV. 2. 3. 3  Drawing  610RW002 

A  special  full  depth  titanium  core  with  fuel  flow  capa¬ 
bilities  is  the  unique  feature  of  this  design.  A  laminated 
and  planked  lower  skin  is  used  to  improve  its  damage  tolerance 
and  provide  multiple  load  paths.  The  entire  assembly,  upper 
skin,  lower  skins,  and  core,  is  brazed  using  a  low  temperature 
braze  alloy  in  order  to  allow  use  of  the  alloys  at  their  maxi¬ 
mum  strength  condition.  Fasteners  are  eliminated  through  the 
lower  panel  bending  material  in  order  to  reduce  Kx*  The  low 
Kx  configuration  in  combination  with  the  reduced  crack  growth 
rate  from  the  brazed  laminated  lower  skin  permits  sizing  to 
an  operating  stress  of  92,500  psi. 

This  design  was  the  lightest  configuration  of  all  nine 
concepts  and  was  the  second  most  expensive  concept. 

IV. 2. 3.4  Drawing  610RW003 

This  concept  was  rated  the  number  one  configuration  by 
the  merit  rating  system.  It  employes  an  etched  solid  plate 
upper  skin  for  economy  and  a  laminated  and  planked  lower  skin 
for  damage  tolerance  and  multiple  load  paths.  The  spars  use 
a  corrugated  web  design  which  provides  good  compression 
stability  for  the  upper  panel.  All  components  are  also  inte¬ 
gral  and  accessible  as  discussed  in  paragraph  IV. 2. 3.2. 
Fasteners  are  eliminated  through  lower  surface  bending  material 
to  achieve  low  Kx  and  the  weight  savings  made  possible  by  this 
design  approach. 
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IV. 2. 3. 5  Drawing  610RW004 


Sandwich  panel  skins  are  used  for  both  the  upper  and 
lower  skins  in  this  design.  Spar  cap  material  is  integral 
with  the  skins.  Spar  webs  are  built  up  using  weld-bonded 
stiffeners.  All  parts  are  of  7050  aluminum.  Fasteners  are 
eliminated  through  lower  surface  bending  material. 

This  design  was  costed  using  conventional  fasteners 
through  the  upper  panel  and  using  pull -type  permanent  blind 
fasteners.  It  was  found  that  use  of  blind  in  lieu  of  con¬ 
ventional  fasteners  would  result  in  a  cost  savings  of  approxi¬ 
mately  $1600  for  this  design.  By  designing  safe  life,  non 
inspectable  structure,  this  configuration  ranked  high. 

IV. 2. 3. 6  Drawing  610RW005 

This  design  was  similar  to  610RW004  (reference  para¬ 
graph  IV. 2. 3. 5)  except  all  components  were  titanium  instead 
of  aluminum.  This  provided  a  significant  weight  reduction 
but  doubled  the  cost. 

IV . 2 . 3 . 7  Drawing  610RW006 

This  configuration  uses  a  three  dimensional  space  truss 
brazed  to  titanium  skins.  It  provides  good  stability  and 
light  weight  but  was  the  most  expensive  concept  considered. 

The  design  takes  advantage  of  weight  savings  made  possible 
by  eliminating  lower  skin  panel  fasteners,  brazed  laminates 
and  planks  plus  low  temperature  brazing  that  results 
in  maintaining  maximum  F^u  for  titanium  alloys. 

IV . 2 . 3 . 8  Drawing  610RW007 

This  concept  is  very  similar  to  610RW003;  the  major 
difference  being  the  addition  of  hat  stiffeners  to  the  upper 
skin.  The  lower  skin  used  the  same  laminated  concept  as 
610RW003 . 


IV . 2 . 3 . 9  Drawing  610RW008 

This  configuration  uses  the  splice  concept  discussed  in 
paragraph  IV. 2. 2.1.  The  splice  shown  in  Figure  6  was  used 
to  modify  drawing  610RW007  by  adding  the  multi-spar  concept 
as  the  tip  concept  (reference  drawing  610RA103) . 
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IV. 2. 3. 10  Drawing  610RW009 


This  drawing  also  utilizes  a  splice  (reference  Figure  8) 
to  modify  drawing  610RW003  by  adding  the  multi -spar  concept 
as  the  tip  concept. 

IV. 3  EVALUATION  AND  RANKING 

The  evaluation  and  ranking  of  each  configuration  is  an 
important  part  of  the  design  approach  used  in  this  program. 

The  objective  of  this  system  is  to  remove  personal  opinion 
which  may  influence  a  design  and  to  insure  that  each  discipline 
area  has  an  opportunity  to  influence  the  design  rating. 

IV. 3.1  Discussion  of  Rating  System 

The  rating  system  used  in  evaluating  and  ranking  the 
analytical  assembly  drawings  is  identical  to  that  used  for 
the  cross-section  concepts  except  for  rating  values  for 
structural  integrity.  A  complete  discussion  of  the  approach 
used  to  implement  the  rating  system  is  contained  in  Appendices 
II,  "Cross-Section  Drawings".  The  revised  rating  values  for 
structural  integrity  changed  safe  crack  growth  from  0.2  to  0.3 
and  multiple  load  path  from  0.4  to  0.3.  Multiple  load  path 
was  also  redesignated  as  Fail  Safe.  The  basic  elements  of 
the  revised  rating  system  are  shown  in  Table  XXXI. 

IV. 3.2  Evaluation  of  Concepts 

During  the  Preliminary  Design  phase  of  this  program, 
nine  (9)  preliminary  drawings  were  made.  These  drawings  are 
included  in  Section  IV. 5.  The  evaluation  of  these  designs  is 
discussed  below  and  is  summarized  in  Table  XXXIII. 

IV. 3. 2.1  Structural  Efficiency 

The  weight  and  cost  totals  and  the  evaluation  score  for 
each  configuration  are  shown  in  Table  XXXIII.  The  weight  and 
cost  values  are  based  on  a  complete  wing  box  and  were  computed 
using  the  procedures  described  in  paragraph  IV. 2. 1.2. 

To  assure  that  cost  data  for  each  configuration  was  com¬ 
parable,  the  following  costing  ground  rules  were  established: 

o  1972  rates  were  used.  No  escalation  factors 
were  used. 

o  Unit  cost  was  based  on  a  total  aircraft 
production  of  506  at  a  rate  of  20/month. 
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*  Service  Life  maintained  at  4000  flight  hours.  Any  design  not  maintaining  this 
life  will  be  considered  unacceptable. 

**  Revised  rating  system  Jan  1973. 


PRELIMINARY  DESIGN  CONCEPTS -EVALUATION  SUMMARY 


X 

- 

o 

e) 

o 

■0 

CC 

0 

0 

IS 

O' 

TOTAL 

SCORE 

e» 

is 

v/' 

*3 

ro 

r-» 

o 

o 

CO 

c 

CT) 

.7125 

IS 

C' 

o 

oo 

IS 

.7298 

.7120 

PREDICT 

(.01) 

.0039 

.0058 

1900* 

v£> 

o 

o 

.0017 

.0058 

v£> 

o 

o 

.0029 

o 

IS 

o 

o 

H 

kO 

o 

o 

REPAIR 

(.01) 

o 

o 

O' 

o 

o 

• 

.0056 

O' 

o 

o 

o 

i-^ 

o 

o> 

o 

o 

o 

o 

O' 

o 

o 

O' 

s 

O' 

8 

in 

10 

M 

H 

M 

MAIN¬ 

TAIN 

(.01) 

o 

r-4 

o 

.0084 

H 

rs 

O 

O 

.0097 

.0092 

*T 

CO 

O 

o 

m 

o 

o 

O' 

o 

o 

.0097 

.0097 

< 

O  N 

&  °- 

o 

IS 

O 

.0124 

.0122 

o 

s> 

o 

m 

«>h 

o 

IS 

H 

o 

.0128 

.0132 

.0149 

3 

r-4 

o 

• 

INSPECT 

(.05) 

O 

»/■» 

O 

o 

n 

o 

a 

o 

o 

is 

co 

o 

.0398 

O' 

n 

o 

.0355 

n 

o 

H 

n 

o 

.0375 

b 

M 

H 

(Q 

< 

FAIL 

SAFE 

(.09) 

o 

o 

OK 

o 

• 

•a 

IS 

o 

o 

O' 

o 

O' 

ur 

o 

«-| 

3/ 

.041 

o 

O' 

o 

o 

o 

u 

a 

>•' 

It]  XlA 

u.  o  o 
<  <  • 

o 

o 

is 

o 

O' 

o 

O' 

»A 

to 

fs 

o 

O' 

o 

O' 

§ 

H 

CO  2  w 

o 

o 

o 

o 

o 

O 

» 

O 

o 

o 

o 

a : 

o 

B 

z 

FATICUE 

QUALITY 

(.09) 

r-4 

o 

00 

co 

o 

r*. 

CO 

o 

CO 

CO 

© 

co 

o 

. 

O' 

CO 

o 

IO 

oo 

o 

o 

O' 

o 

«o 

fs 

G 

«r» 

rs 

O 

H 

O 

3 

at 

U 

h  n 
H  O 

o 

Q 

Q 

r- 

H 

o 

IS 

•—4 

ru 

•-* 

rs 

rH 

IS 

PS. 

PM 

04 

in 

H  ^ 

yi 

# 

• 

°* 

• 

• 

• 

* 

o 

O 

°* 

H 

H  ./N 
U  X  «-l 

<  u  o 
£Bw 

N 

r-« 

O 

**■ 

CN 

o 

M 

O 

IS 

o 

o 

n 

o 

o 

m 

o 

•O 

IS 

o 

vT 

IS 

o 

IS 

IS 

o 

.022 

§ 

u 

z 

< 

> 

KATL'S 

TECH. 

(.09) 

o 

IO 

s 

• 

o 

O' 

o 

.0675 

.0675 

O' 

o 

*o 

o 

.0675 

.0675 

p» 

o 

• 

o 

< 

>* 

o 

MFC. 

TECH 

(.09) 

o 

.0387 

o 

O' 

o 

.0252 

.0182 

.0269 

.0817 

CO 

m 

o 

8 

COCO* 

u 

B 

CONCEPT 

TECH 

(.09) 

» 

o 

o 

n 

vO 

o 

o 

O' 

o 

CO 

o 

00 

o 

IS 

is. 

O 

'O 

CO 

o 

o 

rs 

CD 

o 

00 

00 

o 

• 

>- 

CJ 

z 

to 

t-4 

o 

WEIGHT 

(.15) 

1684.2 

.091 

1335.0 

.115 

1020.0 

.150 

1345.0 

.1138 

1340.0 

.1142 

1196.0 

.1279 

1084.0 

.1411 

1375.0 

.1113 

1291.0 

.1185 

1300.0 

.1177 

E 

to 

H 

H 

C">  o 

<r  -• 

O'  -o 

VO  VO 

'/>  O' 

is  O 

O'  O' 

H  IS 
f-1  — < 

IS  — « 

— *  O' 

O' 
oo  co 

O' 

r~4  Q0 

o 

3 

X 

H 

C/1 

to  •-* 

O  • 
o  ^ 

co  <r 

IS  .-1 

<y" 

vO 

ps 

p*  o 

co 

O' 

o  o 

cT 

ur 

vo  vo 

O*  CM 

o*  • 

is  *r» 

o* 

vO 

-o 

O  ' 

rt 

>»  m 
1*0 

SJ  4 

is  n 

v|  • 

VO 

is  rn 

OO  rH 

3  ’ 

o  vo 

•  IS 

H  H 

r*  • 

a.  ui  n 
to  H  a 

J 

M 

z 

i“ 

£ 

SS  o 

to  J-I 

dg 

00  3 

cu 

3  ••  « 

g  w 

oi3 

gw 

X 

S 

KhS 

c.h>3 

3  H  g 

tu  H  S 

z 

o 

M 

H 

U 

to  ^ 

OH*  Z  < 
cu  »-«  2 

to  z 

hS 

Z  CU  ft. 

*-•  <  to 
*  o  • 

z  ^2 

s- 

z  $ 

S« 

«  z 

z*  £ 

>~t  3 

X 

3  3  < 

H  Q 

<  O  U1 

H  •-*  Z 

3^s 

cu  3 

Cu 

a 

o 

^  s 

U.  Lu 

to  to 

X 

u  «  s 

to  H 

go 

^  at  2 

PC  <  O 
be  cu  cj 

es 

►-<  u 

•“«  o 

a 

10  U 

on  z  I. 

^  u  t-t 

X  H  Q 

on  o  q 
a  ui  a 

^  UJ  CJ 

M 

Q 

Q 

?  9 

£  e* 

g3s£ 

mz 

H  to 

5!  « 

r  ate  ■ 

<  UJ  Cu  -3 

J  tu  ra  < 

3S 

Sg 

3S 

U  kl 

sa 

to  to 

"ikS 

JtAS 

J  L) 

•  on 
r.  J  -t 
•<  t.  cu 

J  W  1/1 

5  32 
30:2 

ti 

Is' 

o 

o 

o 

2 

o 

o 

o 

CM 

O 

o 

2 

o 

<n 

o 

1 

o 

•J 

O 

I 

Dt 

O 

yi 

o 

1 

o 

S> 

o 

1 

o 

fs 

O 

O 

£ 

o 

oo 

o 

1 

o 

O' 

O 

o 

r-i 

vO 

r-4 

vO 

so 

—t 

vo 

vO 

vO 

vt> 

*o 

«o 

482 


IV . 3 . 2 . 2  Technology  Advancement 


To  insure  a  thorough  evaluation  of  each  configuration 
for  Technology  Advancement,  the  results  of  each  area  within 
Technology  Advancement  are  included  in  Table  XXXIII. 

IV. 3. 2. 3  Integrity  and  Reliability 

The  evaluation  results  for  "Integrity  and  Reliability" 

have  been  organized  into  Table  XXXIII  to  assist  in  the  eval¬ 
uation. 


IV. 3. 2. 4  Abilities 

The  charts  containing  the  results  of  evaluation  of 
"Abilities"  are  shown  in  Table  XXXIII  also.  An  important 
segment  accounting  for  one-half  of  the  "Ability"  rating  is 
Inspec tability  .  The  rating  was  determined  using  procedures 
generated  for  the  Analytical  Assembly  phase. 

IV. 3. 3  Ranking  of  Concepts 

The  results  of  all  the  evaluations  discussed  in  para¬ 
graph  IV. 3.2  were  tabulated  in  Table  XXXIII.  The  results  of 
the  evaluation  for  each  element  of  the  rating  system  were 
added  together  to  obtain  a  Total  Score.  The  configurations 
were  ranked  numerically  with  the  highest  score  ranked  as 
number  1. 

IV. 4  SELECTION  FOR  OPTIMIZATION  PHASE 

The  full  wing  configuration  receiving  the  highest  scores 
during  the  evaluation  described  in  Paragraph  IV • 3.0  were 
chosen  for  use  during  the  Preliminary  Design  Optimization 
Phase;  the  final  step  in  the  design  approach  being  used  in 
this  program.  Concepts  chosen  are  identified  in  Table  XXXIII 
by  circling  the  rank  number.  The  number  two  (2)  concept 
was  not  chosen  because  of  its  similarity  to  the  number  one 
ranked  concept  leaving  only  four  (4)  configurations  to  be 
considered  in  this  final  evaluation. 

Additional  trade  studies  were  made  for  these  four  designs. 
A  more  accurate  weight  determination  plus  a  "grass-roots"  bid 
exercise  to  define  costs  were  made  on  each  design.  The  results 
of  these  efforts  are  reported  in  Vol.  I,  SECTION  IV. 
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SECTION  IV. 5 


PRELIMINARY  DESIGN  DRAWINGS 
610RW000 
610RW001 
610RW002 
610RW003 
610RW004 
610RW005 
610RW006 
610RW007 
610RW008 
610RW009 
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